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3.2.2 Sample Containers, Preservation Technologies, Holding
Times

Sample containers, preservation techniques and holding times
will be as shown in Table 1 of this document. This table has
been modified from one included in Exhibit C of US EPA Region
II CERCLA Quality Assurance Manual (Reference 3). The
revisions are the deletion of Dioxin, the increase of holding
time for aqueous extractable organics to 7 days to allow for
shipping from Puerto Rico to North Carolina, the preservation
of soil samples at 4°C (cool), and the decrease of holding
time for volatile organics in soil to 7 days. The validity
of samples which exceed the goals by any length of time will
be determined by the Radian and prime contractor (Golder)
che@ists in conjunction with US EPA Region II on a case by
case basis.

Sample containers  will be cleaned to 300 series
specifications. It may be necessary to rinse the outer
portion of sample containers with deignized water prior to
packaging for shipment. The latest Department of
Transportation procedures for shipment: of environmental
samples will be used in all cases. The quantity of acids or
bases added as preservatives will not exceed 0.15 percent by
weight and the samples will not be shipped as corrosives.

3.2.3 Sampling Blanks and Duplicates

o Trip blanks will be 40 ml VOA vials with Teflon septa
lids. The vials will be filled with analyte-free or
HPLC grade water at the laboratory and accompany the
bottles from the laboratory, into the field and back to
the laboratory. Trip blanks will be taken when agqueous
samples are analyzed for volatiles. The trip blanks
will be taken at a frequency of one per day per agueous
matrix or one-per shipment, whichever is more frequent.

Trip blanks-will be analyzed for the Volatile -organic'-

compounds for which investigative samples are being
analyzed at a frequency of at least one Per aqueous
matrix per week or per sampling event, whichever
frequency is greater.

Golder Associates
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3.0 RADIAN LABORATORY QA PROGRAM PLAN

3.1 Scdpe of Plan

The Radian Plan (Appendix A), when read in conjunction with

Section 3 of this document and the CLP SOW's (References 1

and 2) provide for field instrument maintenance/calibration

and laboratory QA for all aspects of the work. In addition,

the production of analyte-free -water is described in an SOP

included at the back of the Radian .QA plan. Due to confiden-
tiality reasons, only parts of this procedure have been

reproduced. The whole procedure will be made available to EPA
on request. This section describes how the Radian Plan is

used for the two QA programs.

3.2° RFA QA

The Radian Plan, in conjunction with the letter from Radian
dated July 29, 1988 (included in Appendix A), the CLP SOW's
(References 1 and 2) and the following constitute the RFA/QA.
The requirements of the CLP SOW take precedence over the
Radian Plan. '

3.2.1 Applicability and Methodologies

The RFA QA will apply to all scil samples (see Refeéences 6
and 7) obtained for the RFA and the baseline monitoring
sampling for the Priority Pollutant parameters, plus 40 peaks
listed in Appendix A of the Groundwater Monitoring Plan (see
Reference 8). Analysis will be by CLP methodologies. Those
analytes which are not on the TCL/TAL lists are amenable to
CLP procedures. '

Golder Assoclates
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2.3.12 Preventative Maintenance
\

Field and laboratory equipment pPreventative maintenance is
included in Section 11.0 of the ESE Plan. Golder Associates
may use these methods for field equipment but expect to use
the methods listed in Appendix E.

2.3.13 Miscellaneous

Procedures used to assess data precision, acéuracy and -
completeness and QA corrective action Protocols are noted in

Sections 12.0 ang 13.0 of the ESE Plan. Responsibility'to

carry out these procedures will rest with ESE for laboratory
tasks and with the Prime contractor for field related tasks.

The prime contractor (Golder) will also Provide overview of
_alljthe elements of the QA Plan.

Golider Associates
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2.3.9 Data Reduction, Validation and Reporting

The standard deliverable that is required from the laboratory
will contain the sample number, laboratory sample identifica-
tion number, result, unit, detection limit, and the appropri-
ate laboratory qualifiers. Section 8.0 of the ESE Plan
governs the internal laboratory work for the MQA. All
potential analytical problems will be discussed with the
prime contractor (Golder) and a narrative will be sent to US
EPA as appropriate. Data will be transferred from the
laboratory to the prime contractor (Golder) by disk where it
will be incorporated into a relational and/or flat file
database. The data will be reported to US EPA in tabular form
with a narrative discugsing the complete sampling and
analysis event. Further information is included in Sections
8.0, 9.0 and 10.0 of the Groundwater Monitoring Plan
(Reference 8).

2.3.10 Internal Quality Control Checks

The internal QC checks whi:h will be used by ESE to perform
the MQA analysis are discussed in Section 9.0 of the ESE
Plan.

2.3.11 Performance and Systems Audits

Section 10.0 of the ESE plan discusses performance and system
audits. The prime contractor (Golder) will be responsible for
field operations and office work within their offices. ESE
will be responsible for laboratory operations and office work
within ESE. When Section 10.0 is read, the references to QA
Supervisor must be considered to apply to ESE and the
references to prime contractor must be considered to apply to
Golder. Overall responsibility for QA remains with the prime
contractor (Golder). .

Golder Associates
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2.3.5 Sample Container Cleaning Procedures

The sample containers will be cleaned as noted in Table 4.2
and paragraph 4.5.1 of the ESE Plan.

2.3.6 Sample Custody

The field custody'ptocedures are noted in the Groundwater
Monitoring Plan (Reference 8). The chain-of-custody form to
be used is that produced by US EPA Regxon II and 1s included
in Appendix C. .

Laboratory sample custody and documentation is detailed in
Sections 5.2 and 5.4 of the ESE Plan.

2.3:7 Calibration Controls and Frequency

Section 6.0 of the ESE Plan addresses field and laboratory
instrument calibration. Minor modification of this section
has been performed by Golder Associates to allow for the
actual field instruments to be used and the removal of
reference to procedures which are definitely outside the
scope of the project. The calibration of the Hach oné pPH
meter is included in Appendix D. :

2.3.8 Analytical Procedures

Section 7.0 of the ESE Plan allows for many different
analytical procedures. Table 2 lists the preferred analytical
methods for each parameter. Any deviation from the original
method will be documented and a narrative discussing the

ramifications of the change will be forwarded to US EPA in a
timely manner.

Golder Associates
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2.3.3 Sample COntaxners. Preservation Techniques, Holding
Times

Table 4.1 of the ESE Plan lists the containers, preservation
techniques and holding times that would be used on water
samples analyzed by ESE as part of the MQA. =

2.3.4 SAmplggg Blanks and Duplicates

o Trip blanks will be 40 ml VOA vials with Teflon septa
lids. The vials will be filled with analyte-free or
HPLC grade water at the laboratory and accompany the
bottles from the laboratory, into the field and back to
the laboratory. Trip blanks will be taken when agqueous
samples are analyzed for volatiles. The trip blanks
will be taken at a frequency of one per day per agqueous
matrix or one -per shipment, whichever is more frequent.

.~ Trip blanks will be analyzed for the volatile organic

" compounds for which investigative samples are being
analyzed at a frequency of at least one per agueous.
matrix per week or per sampling event, whichever
frequency is greater.

o Rinsate blanks will be obtained as specified in the
sampling plans.

o One duplicate will be obtained for every samﬁling
event.

o If a resampling is necessary, a sample may be splzt with

another commercial laboratory.

o Splits for use by the US EPA Region II will be obtaxned
as requested.

o Tables 4 and S5 list the types of samples by matrix.

o Table 6 lists additional samples and sampling blanks to
be taken during the field program as described in
Reference 8.

The above blanks and duplicates are considered adequate for

the proposed monitoring system as described in Reference 8.

This section will be revxewed and appropriate revisions will

be made if any change in+~ the monitoring network is

implemented.

Golder Associates
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2.2.11 Performance and System Audifs

~ Section 10.0 of the ESE plan giécusses performance and system
audits. The prime contractor (Golder) will be responsible for
field operations and office work within their offices. ESE
will be responsible for laboratory operations and office work
within ESE. When Section 10.0 is read, the references to QA
Supervisor must be considered to apply to ESE and the
references to prime contractor must be considered to apply to :
Golder. Overall responsibility for QA remains with the prime

contractor (Golder).

2.2.12 Preventative Maintenance

Field and laboratory equipment preventative maintenance is
included in Section 11.0 of the ESE Plan. Golder Associates
may use these methods for field equipment but expect to use
the methods listed in Appendxx E. ~ L

—

2.2.13 Miscellaneous | -

QA will not be run by the batch method, but- instead on
project specific samples as specified by CLP procedures.

2.3 Monitoring QA (MQA)
2.3.1 Appl:i cability and Hethodologxes

The MQA will be used for all groundwater monitoring except
the baseline monitoring sampling for Priority Pollutants, as
described in the Groundwater Monitoring Plan. The methods
used will be those stated in Table 2. '

2.3.2 Sampling Ptoceddtes

The text of Section 4.0 of the ESE Plan which “relates to
sampling procedures has been removed. Sampling procedures
have been discussed in the Groundwater Monitoring Plan
(Reference 8).

Golder Aoioemu
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2.2.8 Analytical Procedures /'

All analysis will be performéd’using CLP procedures as stateé
in the CLP SOW's (Reference 1 and 2). Those analytes which
are not included on the TCL/TAL lists are amenable to CLP?
procedures.

2.2.9 Data Reduction, ¥elidesien and Reporting

Deliverables from the laboratory will contain all the
elements of a CLP package but will not necessarily be
presented on the CLP forms. Data reduction emd—validatien
will be in accordance with CLP SOW's and will be reviewed by
both ESE and the prime contractor (Golder). -Gelder—will-

B . 1 Guideli e Eval - o : Analied
(Re£ H 1 US EPA Reed 1T Bval ; - 1ot
£er—she—Centract—Laboratory—Progran—(Reference—5)+—QC—summary

Dat ‘
ahoo&s“A%;Eults and Q narrative will be supplied to US EPA
Region II.—Rau—éaea—u%%%—nee—bg—%ne%eéeéz ‘

Data will be transferred from the laboratory to the prime
contractor (Golder) by diskette where it will be incorporated
into a relational and/or flat file database. The data will be
reported to US EPA Region II in tabular form with a narrative
discussing the complete sampling and analysis event. Further
information is included in the soil sampling plans
(References 6 and 7) and in the Groundwater Monitoring Plan
(Reference 8). ‘ h

2.2.10 Internal Quality Control Checks

The internal QC checks which will be used by ESE to perform
the RFA analysis are discussed in Section 9.0 of the ESE Plan
and Exhibit E of the CLP SOW's. The requirements for the CLP
SOW take precedence over the ESE Plan.

Golder Associates
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reviewed and appropriate revigions will be made if any change
in the monitoring network or soil sampling events are
implemented.

2.2.5 Sample Container Cleaning Procedures

Sample containers will not be Cleaned by ESE. All containers
for the RFA level of QA will be supplied by I Chem of
California and will be of the 300 series.

It may be necessary to rinse the outer portion of sample
containers with deionized water prior to packaging for
shipment. The latest Department of Transportation procedures
for shipment of environmental samples will be used in all
- cases. The quantity of acids or bases added as preservatives
will not exceed 0.15 percent by weight and, therefore, the
samples will not be shipped as corrosives.

2.2.6 Sample Custody

The field custody procedures are noted in the RFA soil
sampling plans and the Groundwater Monitoring Plan (Refer-
ences 6, 7 and 8). The chain-of—cuatody form to be used,
produced by US EPA Region II, is included in Appendix C.
Each shipment containing soil will be accompanied by a United
States Department of Agriculture (USDA) permit 1label,
provided by the 1laboratory. The laboratory permit is
included with the QA plan in Appendix B.

2.2.7 Calibration Controls and Frequency

Section 6.0 of the ESE Plan addresses field and laboratory
instrument calibration. Minor modification of this section
has been performed by Golder to allow for the actual field
instruments to be used and the removal of reference to
- procedures which are definitely outside the scope of the
project. The calibration of the Hach one pH meter is included
in Appendix D.

Golder Associstes
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shipping from Puerto Rico to Florida, the preservation of
soil samples at 4°C (cool) and the decrease of holding time
for volatile organicé in soil to 7 days. The validity of
samples which exceed the goals by any length of time will be
determined by the ESE and prime contractor (Golder) chemists
in conjunction with US EPA Region II on a case by case basis.

2.2.4 Sampling Blanks and Duplicates

o Trip blanks will be 40 ml VOA vials with Teflon septa
lids. The vials will be filled  with analyte-free or
HPLC grade water at the laboratory and accompany the
bottles from the laboratory, into the field and back to
the laboratory. .Trip blanks will be taken when aqueous
samples are analyzed for volatiles. The trip blanks
will be taken at a frequency of one per day per aqueous
matrix or one per shipment, whichever is more frequent.
Trip blanks will be analyzed for the volatile organic
compounds for which investigative samples are being
analyzed at a frequency of at least one per agqueous
matrix per week or per sampling event, whichever
frequency is greater.

e

o Rinsate blanks will be obtained as specified in the
sampling plans.

o One duplicate will be obtained per 10 investigative
samples.

o If a resampling is necessary a sample may be splzt with

another commercial laboratory.

o Splits for use by the US EPA Region II will be obtained
as requested.

o Additional QA samples will be obtained to allow for CLP
SOW Matrix Spikes, etc.

o Tables 3, 4, and S list the types of samples by matrix.

o Table 6 lists additional samples and sampling blanks to
be taken during the field program described in Reference
8. ,

The above blanks and duplicates are considered adequate for
the proposed monitoring system.and the proposed soil sampling
events (see. References 6, 7 and 8). This section will be

Golder Associates
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2.0 ESE QA PLAN i

2.1 Scope of Plan

The modified ESE Qa (ESE Plan)'(AppendixAB), when read ip
conjunction with Section 2, Appendices p and E of thigs
document and the CLP sow's (References 31 and 2) provides for
field instrument maintenance and laboratory QA for a1l
aspects of the work. 1In addition, the Production of:

described in the back of the ESE QA plan. Portions of the
RFA/QA and MQA are delineated in the ESE Plan. fThig Section
describes how the ESE Plan jg used for the two QA programs.

2.2 RFa QA

2.2:1 Applicability and Methodologies

2.2.2 Samgling Procedures

The text of Section 4.0 of the ESE Plan which relates to
sampling Procedures has been removed. Sampling Procedures
have been disculced in the soil sampling plans (References ¢
and 7) and in the Groundwater Monitoring Plan (Reference 8).

2.2.3 sample Containers, Preservation Techniques, Holding
Times

Sample Containers, Preservation techniques ang holding times
Will be as shown in Taple 1 of this-document. This table has
been modified from one included in Exhibit C of us Epa Region
II CERCLA Quality Assurance Haﬁual '(Reference 3). The
revisions are the deletion of Dioxin, the increase of holding
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After the soil analysis and baseline groundwater analysis has
been completed, background groundwater monitoring . wili
commence. During background, detection and compliance
groundwater monitoring, and also during the baseline sampling
of the wells for non-priority pollutants as ’specified in
Appendix A of the Groundwater Monitoring Plan (Reference 8)
following well development, the MQA program will be used.

The main elements of the MQA are: Sample preservation and
holding times as summarized in Table 1; analysis by the
standard methods incorporated in the ESE or Radian QA Plans
and summarized in Table 2; the use of bottles as required by
the appropriate method; the production of a standard deliver-
able package which will include sample number, laboratory
sample identification number, result, unit, detection limit
and appropriate laboratory qualifiers; data validation by the

methodologies required by the appropriate analytical tech-

nigue together with the ESE/Radian QA Plan and batch QA/QC;
Golder Associates Inc. (Golder) will discuss the wvalidation
with the laboratory and a summary narrative will be sent to
US EPA Region II). '

Golder Associates
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Statements of Work (SOW's) (Reference 1 and 2); EPA Region
1I, Comprehensive Eavironmental Response Compensation and
Liability Act (CERCLA) Quality Assurance Manual (Reference
3); US EPA, Laboratory Data Validation, Organics (Reference
4); EPA Region II, Evaluation of Metals Data for the CLP
Program (Reference 5) and various task specific documents.

1.2 QA Levels

The QA for the various tasks exist at two separate levels
depending on the task or on the stage within a task. 1In
general, the laboratory analysis for the RCRA Facility
Assessment (RFA) is based on strict QA which is very similar
to that used in the CERCLA program. A separate level of QA
will® be used for long-term groundwater monitoring of the
municipal 1landfill. The field instrument maintenance will
remain constant throughout the project.

The RFA QA will apply to the analysis of soil samples
described in the RFA Work Plans (References 6 and 7) .and the
baseline monitoring for the Priority Pollutant parameters
(plus 40 peaks) as specified in Appendix A of the Groundwater
Monitoring Plan (Reference 8). All nonfpriority pollutants
in the baseline monitoring will be inalyzed using the
monitoring QA program (MQA).

The main elements of the RFA QA are: Analysis of the above
parameters by the latest revision of CLP SOW's including
non-batch procedures; the use of 300 series bottles;
production of all components of a CLP deliverable package;
and, data validation of the CLP package components by EPA
Region II__s__p.cc__}g_iLe_q._lethog_g_L CLP__requirements take

precedence over requiréments of theé ESE plan;—Radian_ plan; -

- and all sampling and analysis plans except the requirements
listed in Table 1 (Preservation and Holding Times) and the
use of CLP forms will not be required.

Golder Associlates
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1.0 INTRODUCTION

l.1 Scope

This plan should be read in conjunction with the soil
sampling plans and the Groundwater Monitoring Plan
(References 6, 7 and 8) submitted for the Ponce Municipal
Landfill. The groundwater monitoring program fdr the site,
described in the Groundwater Monitoring Plan (Reference 8),

includes both groundwater sampling and surface water

sampling. Thus, the Groundwater Monitoring Plan sampling
protocol referenced in this QA plan is for groundwater
sampling and surface water sampling. This plan is restricted
to laboratory quality assurance/quality control (QA/QC),
field instrument maintenance/calibration and _the
chain-of-custody form. Discussion of the general network
deéign, specific sample site selection, parameter selection,
safety and other task specific issues have been addressed in
other submissions (References 6, 7 and 8) to United States
Environmental Protection Agency (US EPA Region II or Agency).

This submittal was to have consisted of documents prepared by
.the laboratories proposed for the project: Environmental
Science and Engineering, Inc. (ESE) of Gainesville, Florida
and Radian Corporation (Radian) of Research Triangle Park,
North Carolina. The documents produced by ESE and Radian meet
the usual QA requirements for a project of this type, but do
not meet additional QA/QC requirements requested by EPA
Region 1II. This plan describes the modifications and
additions to the ESE and Radian plans needed to meet the
QA/QC requested by the Agency. ' '

The plan references the following documents: Radian
Laboratory"anlggy;QgipranéE—Flanw1A@§iﬁajx A); ESE Quality

e —]

Assurance Plan, modified by' J. Paul, Golder Associates
(Appendix B); US EPA Contract Laboratory Program (CLP),

>

Golder Associates
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ATTACHMENT IV-5

STATISTICAL PROCEDURES

References and citations made to specific sections, tables,
figures or other sources which are not included in this
Attachment are available in BFI's revised Post-Closure Permit
application, dated May, 1989 and is in the Administrative
Record. The Administrative Record is 1located at U. S.
Environmental Protection  Agency, Region 11, Permits
Administration Branch, 26 Federal Plaza, New York, N.Y., 10278

and the Puerto Rico Environmental Quality Board, Santurce,
Puerto Rico, 00910-1488.
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We appreciate the opportunity to continue-assisting BFI with

is project. £
Very truly yours,
GOLDER ASSOCIATES INC.

v F dtdm

W. Randall Sullivan, P.E.
Associate

WRS:rcs

Enclosures

Golder Associates, Inc.
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RESPONSE: .

Section 1.2 of the Quality Assurance Plan has been
amended to indicate the precedence of CLP requirement
over the laboratory sampling plans for RFA samples, and
all sampling and analysis Plans, except the requirements
listed in Table 1.

COMMENT :

10. The QA plan references the use of the latest CLP
statements of work. The most recent statement of work
for organics and inorganics are February 1988 and
December 1987, respectively. The list of references on
page 18 of the QA plan should be changed to reflect
this. :

RESPONSE:

" The Reference list to the Quality Assurance plan has
been amended to include the most recent versions of the
CLP statement of work. :

COMMENT :

11. Not all of the priority pollutants are CLP target
compound 1list (TCL) analytes. Those which are not. TCL
analytes are amenable to CLP procedures. We would like
the plan to confirm that CLP procedures will be used and

to detail any appropriate modifications which will be
used. :

RESPONSE:

Sections 2.2.8 and 3.2.1 of the Quality Assurance Plan
indicate that the parameters that are not present on the
TCL/TAL lists are amenable to CLP procedures and will be
analyzed using CLP methodologies.

COMMENT :

12. Preservation of filtered metals is not indicated in the
QA plan.

RESPONSE: .
Table 1 of the Quality Assurance Plan has been amended

to include the preservation requirements of filtered
metals.
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COMMENT:
74 Homogenization of soil samples should be done by the

cone and quarter method described on page 55 of the

Region II CERCLA Quality Assurance Manual referenced in
the QA plan.

RESPONSE:

A response is addressed ’‘in the soil sampling plans
(References 6 and 7).

COMMENT:

8. Table 1 of the QA plan lists sample container, preserva-
tion, and holding time requirements. This table should
be changed as follows: '

- Preservation of soil samples for all analytes
o ¥ should be "cool, 4°C."

b. The holding for volatile organics in soil should be
7 days.

RESPONSE:

Table 1 and sections 2.2.3 and 3.3.2 of the Quality
Assurance Plan have been amended to allow for the stated
preservation for soil samples and holding times for soil
samples to be analyzed for volatile organics.

COMMENT :

9. Section 1 of ¢the QA plan should state that CLP
requirements take precedence over requirements of the
ESE plan, Radian plan, and all sampling plans. The
exception is that sample container, preservation, and
holding time requirements should conform to Table 1 of
the QA plan as modified by Comment 8, above.

An example of CLP requirements taking precedence over
requirements of the various plans is as follows. Page 8
of the work plan for cover soil sampling states that 60
ml vials with Teflon lined 1lids should be used for
collecting volatile organic samples. We ask that the 40
ml VOA vials detailed in Table 1 be used rather than
these. #

Raldas Accaniatase Ina
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to transfer surface water samples to sample containers.
This information should ‘be incorporated into all of the
appropriate sections and appendices where
decontamination procedures are described. '

RESPONSE:
A response is addressed in Revision 2 of the soil

sampling plans (References 6 and 7) and in Revision 2 of
the Groundwater Monitoring Plan (Reference 8).

- COMMENT:
5. The frequency of equipment rinsate blanks described in
various parts of the QA plan does not appear to be
adequate. We ask that one rinsate blank be done for

each individual type of equipment each time a decon
event occurs. Compositing is not allowed.

‘RESPONSE:

In a phone discussion with Fred Haber of the EPA on
January 12, 1989, it was agreed that one rinsate blank
is required to be taken per sampling equipment
decontamination event per batch of sampling equipment
following decontamination.

The frequency of equipment rinsate blanks has been
indicated on Tables 3, 4, and 5 in the QA Plan. However,
as noted in the tables, the number of these blanks will
depend on the equipment wused. The Groundwater
Monitoring Plan and soil sampling plans (References 6, 7
and 8) have incorporated procedures used for determining
how many equipment rinsate blanks will be used.

COMMENT:

6. Demonstrated analyte free water should be used for all
blanks and the method of demonstratxng such should be
included in the plan.

RESPONSB:

HPLC water or a laboratory demonstrated analyte free
water, will be used for—-all- blanks. The Quality .

Assurance plan includes parts of each laboratory's._SOPs ___

for demonstrating that their water is analyte free.

Paldae Ancnanintar Ina
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operating procedures for sampling will be used? b) What
are the materials of construction of existing wells to
be sampled? c) What were the methods of installation and
development of existing wells to be sampled?

Also, the ground water plan discusses the installation
and development of wells for obtaining hydrologic
information and states that these wells may be used for
chemical monitoring activities. If these wells could be
used for either initial round sampling or detection
monitoring at a later date, our policy is that the PVC
casing described should not be allowed. Stainless steel
or Teflon should be used. .

RESPONSE:

The existing wells at the Ponce Municipal Landfill

Facility are not included as part of the groundwater
monitoring system for the site. Therefore, comments a,
b, and ¢ have not been addressed. Sections 1.1 and 4.1

- of the Groundwater Monitoring Plan (Reference 8) have
been amended to clarify that these wells will not be
used as part of the groundwater monitoring system.

In a telephone conversation with Doug Pocze. of the EPA
on March 2, 1989, it was agreed that BFIP will install
composite wells consisting of a stainless steel screen
and a 10 foot section of well casing above the screen
while the remaining well casing will consist of PVC.
Stainless steel materials have been included in the
description of the well materials in the "Groundwater
Monitoring Plan (Reference 8).

COMMENT: .
3 The order of sample collection should be wvolatile
organics, total organic halogens, total organic carbon,

extractable organics, total metals, and cyanide.

RESPONSE:

A response is addressed in Revision 2 of the Groundwater
Monitoring Plan (Reference 8). :

COMMENT: E B Semm———— ) L ——— 5 &

————_ —— et oo

4. The equipment decontamination procedures detailed in
Appendix D of the Cover Soil Sampling Work Plan and in
equivalent appendices or sections of the other plans
pertain to all sampling equipment (other than large),
including ancillary equipment such as bowls and pans
used to homogenize soil samples and any containers used

Golder Asenciates. Inc.



BFI of Ponce, 1Inc. . April 21, 1989
Mr. Bruce Jernigan -2- . 883-3643

Also, the'analytical pParameters for initial ground water
sampling detailed in the ground water plan differs from
the parameters detailed in the QA plan. )

To help clear up these matter, the QA plan should
provide a table on RFA soil sampling and initial round
water sampling activities which lists: a) the number of
samples by matrix (e.g., so0il, ground water, surface
water), b) the number (or frequency) and type of field
quality control samples (e.g., duplicates, trip,
equipment rinsate), C) analytical parameters by sample
matrix. All information provided in the associated
sampling plans should be consistent with the table.

RESPONSE:

The original version (Revision 0) of the QA Plan was
prepared to be read in conjunction with Revision 1 of
the groundwater monitoring and soil sampling plans,
which were being prepared at the time the QA Plan was
submitted. Our letter transmitting the QA Plan to Epa
explained this. Some of the inconsistencies cited by
the reviewers appear to have arisen because the review-
ers unknowingly compared the QA Plan to previous
submittals of the other documents. Other inconsistenci-
€S may also have arisen because of last minute changes
in Revision 1 of the groundwater monitoring and soil
sampling plans that were not anticipated when the QA
Plan was submitted. With this reponse we have attempted
to clarify all the inconsistencies created by the timing
of previous submittals. . -

Tables 3, 4, and s provide the information of numbers of
samples, field quality control samples and analytical
parameters for the soil, groundwater and surface water
sampling, respectively. Several of the numbers provided
are indicated as Provisional as the number of samples,
in some cases, will depend upon the conditions
encountered in the field.

The text has been revised (see page 1) to clarify that
the groundwater monitoring program for the site, as
described in the Groundwater Monitoring Plan (Reference
8), includes both groundwater sampling and surface water
sampling. Thus, the Groundwater Monitoring Plan
sampling protocol, referenced in the QA Plan is for
groundwater sampling and surface water _sampling. —

COMMENT : ;

2, Much more definitive information is needed regarding
other aspects of RFA ground water sampling activities.
a) How will samples be taken (i.e., bailer, bladder
pump, etc.) from existing wells and what standard

Goider Associates
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CONSULTING ENGINEERS
April 21, 1989 883-3643

BFI of Ponce, Inc.
757 North Eldridge
Houston, Texas 77079

Attn: Mr. Bruce Jernigan

RE: QUALITY ASSURANCE PLAN FOR LABORATORY ANALYSIS
AND FIELD INSTRUMENT MAINTENANCE
PONCE MUNICIPAL LANDFILL
PONCE, PUERTO RICO

Gentlemen:

Pléase find enclosed Revision 1 of the Quality Assurance Plan
for Laboratory Analysis and Field Instrument Maintenance.
This current version incorporates comments from the U.S.
Environmental Protection Agency, Region II (EPA) regarding
the October 19, 1988 submittal of the plan, as conveyed in
the transmittals received on December 16, 1988 and January 4,
1989 from EPA. Their comments are listed below along with an
response. The comments from the December 16, 1988
transmittal are numbered in the same sequence as they appear
in the transmittal. Only one comment from the January 4, 1988

- transmittal pertains to the quality assuunce plan and is
addressed as comment number 12, below.

COMMENT:

1. The quality assurance plan references the various
sampling plans for information on RFA soil and first
round ground water sampling activities. The documents
on surface so0il and subsurface soil provide clear
information regarding at 1least the number of . soil
samples to be taken and analytical parameters. However,
neither the ground water monitoring plan referenced by
the QA plan nor the QA plan provides necessary
information on initial water sampling activities. These
two plans also are inconsistent.

The ground-water- plan does not mention that six ground
water samples-will be taken as stated—in the QA plan. —:esmsem—
The ground water plan and conversation with project
personnel indicate that surface water samples may be
taken also and they are not covered in .the QA plan.

GOLDER ASSOCIATES INC. ® 3730 CHAMBLEE TUCKER ROAD © ATLANTA. GA 303-41 © TELEPHONE: (404) 490-1893 © TELEX 700523 ¢ FAX: 404-934-94768

OFFICES IN UNITED STATES © CANADA ¢ UNITED KINGDOM ¢ AUSTRALIA
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8.0 ANALYSIS AND DATA MANAGEMENT PLAN

8.1 Quality Assuranceggualitf'Conttol Procedures

These procedures are in the report entitled "Quality Assur-
ance Plan for Laboratory Analysis and Field Instrument
Maintenance, Ponce Municipal Landfill, Ponce, Puerto Rico"
(Golder Associates Inc., 1988c).

8.2 Laboratory Contacts

The two laboratories proposed for this work are:

Eqvironmental Sciences and Engineers, Inc. (ESE),
Gainesville, Florida
Jeff Shamis (904) 332-3318

Radian Corporation
Research Triangle Park, North Carolina

Cindy Spitter (919) 541-9100

8.3 Data Management

Results will be stored on a relational data base for review
and reporting. All raw analytical data will be held by Golder
Associates Inc. or the laboratory. Data will be presented to
EPA in tabular and/or graphic forms.

Golder Assoclates
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7.5.2 Sample Holding and Shipment

Subsequent to sampling, the sample containers will be stored
in an ice-packed container or shuttle. The sample shuttles
will be transported so they are received at the laboratory
within thirty-six hours after sample collection. The time
between initial sample collection and laboratory analyses
shall be kept to the minimum amount that is practical. The
safest and most expedient methods of sample transport will be
used.
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Strict chain-of-custody procedures will be adhered to for all
samples. From the time the sample is collected until the
issuing of the analytical laboratory 'results, the samples
will be in the custody of assigned personnel. In order to
maintain custody, the samples will either be:

a) In sight of the assigned custodian,
b) Locked in a tamper-proof location, or
c) Sealed with a tamper-proof seal.

A written record of the transfer of samples will be main-
tained. '

The Chain-of-Custody Record will be attached to the sample
container at the time the sample is collected. All sample
bottles will be correctly labeled. When .transferring the
possession of samples, the transferee should sign and record
the date and time on the record. The number of custodians in
the chain of possession will be as few as possible.

The Chain-of-Custody Record will be sealed in the sample
shuttle and transported to the laboratory. Upon receipt by
the lab, the seal will be broken, and the condition of the
samples, date, and time will be recorded on the form by the
person receiving the samble.

Aaldar Asansnlatas
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7.5 Sample Documentation and Shipment

'7.5.1 Field Sampling and Chain-of-Custody

A chain-of-custody and sample parameter form will be appro-
priately completed for each sampling point. The following
information will be documented on field sampling forms
(Figure C-5) or in a GAI field log book:

a) Facility site code, sample code, sample point 1ID
and other identifiers;

b) Date, clock time, and time elapsed (if greater than
one hour) from start to finish of sampling;

c) Presence/absence of immiscible layers;

d) Depth to groundwater from the top of well pipe
along with the time measured; (disregard for
surface sample);

e) Information regarding purging of the well prior to
sampling (disregard for surface sample);

£) Field test results  including pH, temperature,
specific conductance, and turbidity measurements;

g) Sampling method used, such as bailer, bladder pump,
etc. (equipment material will be noted);

h) Type of sample, well sampling sequence, sample
container type, preservatives used, parameters
requested and other pertinent information (i.e. -
sampled in conjunction with regulatory authoriti-
es); '

i) Field observations and sampling conditions (i.e.
weather conditions); .

j) Appearance of sample, such as color, turbidity,
sediment, etc.; and

k) 1Internal temperature of field and shipping contain-

ers; = _ ——- ———

P —— e e
. -— S E———

P

1) Name of transporter and name of 1laboratory to
perform the analysis; and '

>

m) Samplers' identification and signature.
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7.4 Field Parameter Measurements

Field parameter measurements will be taken for the ground-
water and surface water samples obtained during sampling
events, and for groundwater obtained during well developament
and during drilling. 1In each situation, the water samples
will be collected in a clean, quart size, glass jar. This jar
will be rinsed with the sample water, except for samples
from low yield wells, and then filled in a manner which
minimizes aeration of the sample. The measurement of tempera-
ture, pH, specific conductance, and turbidity of the sample
will be taken using the appropriate meters and recorded on a
field sampling documentation form (Figure C-5).

All meters used for the field Reasurements of pH, specific
conductance, and turbidity will be calibrated prior to
initial sampling. The calibration of field meters shall be
Checked daily before the start of sampling and every four
hours and appropriately recalibrated during the sampling
periocd. The meters and sample jars will be rinsed three times

with distilled vater before measurements are taken on another
sanmple.

- v % ———
D —— - N S
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3. rinse with 10% HNO,,

4. triple deionized vater rinse, and

5. air dry.

At least one trip blank will be used for each
sampling event at the site. If the water samples
are obtained with dedicated pumps or bailers, no
equipment will require decontamination and so no
rinsate blanks will be used. If non-dedicated
bailers are used a rinsate blank will be obtained
from each batch of decontaminated bailers {see
Appendix B). New polypropylene rope will be used at
each hole and, therefore, no rinsate blank of the
rope will be required. The estimated number of
groundwater samples, duplicate samples, matrix
spike samples, matrix spike duplicate samples,
rinsate blanks, field blanks and trip blanks to be
taken, for the various monitoring stages, are
summarized in Table 6.

Sample containers will be sealed tight and placed .
in an ice-packed container or shuttle. The well cap
will be replaced and the protective casing locked.

Sampling  will be delayed if inclement weather
conditions, such as heavy rain occurs. Such condi-
tions may jeopardize the integrity of the samples
and field measurements. ' -
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/
test to be performed and the preservative which has
been provided by the laboratory. Sample preserva-
tion, sample holding time, and sample containers to
be used are summarized in Table 5. Sample contain-
ers should be number coded to match the Chain-of-
Custody form. :

The sampling of various parameters will be con-
ducted in the following order:

l. Temperature, pH, specific cbnductance, and
turbidity.

2. Volatile organic coﬁpsunds.

3. PCB's and semivolatile organics.
4. Inorganic parameters.

S. Cyanide.

6. PpH, and specific conductance.

Field parameters consisting of pH, specific con-
ductance, turbidity and temperature will be
obtained in triplicates for each groundwater
monitoring sample at the initiation of the sampling
event. If the turbidity reading is significantly
above the baseline value established during well
development (see Section 5.5) then the well in
question will be redeveloped.

When sampling volatile organics with a bladder
pump, the pump rate should be regulated so as to
provide a slow continuous discharge rate of less
than 100 ml/minute.

Sample vials for volatile organics should be filled
80 that no head space remains.

Filtration of appropriate samples will be performed
within two hours of sample collection. Filtration
will be done through a 0.45 micron cellulose ester
filter and will be performed in the field. The
filter device will be cleaned or decontaminated
between filtering events. The decontamination
procedure for the filter and other. appropriate
sampling equipment is:

l. wash and scrub with alconox detergent,

2. tap water rinse,

Golder Associstes
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data exceeds 1000 ppm, or if visual inspection of
the groundwater sample indicates the presence of a
phase liquid. Lower an interface probe through the
eductor pipe within the well and record the depths
at which the probe indicates contrast as it moves
through the 1liquid in the well. Retrieve the
interface probe and rinse with the reel and probe
with deionized water and isopropanol alcohol.

If an immiscible 1iquid is detected:

1. Calculate the thickness of the phase immis-
cible liquid.

2. Lower a bottom loading Teflon or stainless
steel bailer through the eductor pipe until
the bottom of the bailer is just above the
immiscible/water interface or until the bailer
is totally immersed in the immiscible liquid,
whichever comes first. Retrieve the bailer and .
place the 1liquid in a sample container for
laboratory analysis. A new polypropylene rope
will be used to lower the bailer and will be
discarded after its use.

Purge a minimum of three (3) times the volume of
standing water in the well. Wells screened in low
yielding formations may be purged to dryness if

- well recharge is insufficient to allow evacuation

of 3 well volumes within a reasonable time (e.g. 3
days). Purging shall be performed using dedicated
bladder pumps or bailers. A gas supply (compressed
air or pure grade nitrogen) will be connected to
the well assembly and released to the bladder pump
via a control unit. At the end of the discharge
cycle, the gas pressure is vented. Pive to twenty
pumping cycles are typically required to purge the
air from the pump and outlet tubing.

The wells should be sampled immediately after
purging. An evaluation of the recharge rate for the
wells will be made using the recovery data obtained
following well development. The lag time necessary
for the well water to recovery before a water
sample can be taken from the well will be .deter-
mined from this data. This time frame will be
included in a revised groundwater monitoring plan.
A sample container will not be composited of
groundwater from two different sampling periods.

All samples shall be placed in the appropriate
prepared and laboratory ‘cleaned containers. Each
sample container shoulg be labeled with the type of
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Subsequent to well development and before the bladder pumps
are installed in the wells, the presence of immiscible
liquids in the groundwater will be evaluated. An interface
probe will be lowered in the well slowly and the depths at
which the probe indicates contrast as it moves through the
liquid in the well will be recorded. If any immiscible layer
is indicated, the thickness of the layer will be calculated.

7.2 Well Purging, Sampling, and Preservation Procedures

Subsequent to well development the test monitoring wells
will be purged and sampled for the purpose of analytical
testing. The procedures for sampling the test monitoring
wells are listed below:

a. Sample the air in the well head for organic vapor
immediately after removing the well cap. A
photoionization detector will be used for this
purpose. The results will be recorded.

b. Measure the depth of the static water surface to
the nearest 0.01 feet in all the wells prior to
well purging. Water 1level measurements will be
taken using an electrical water 1level indicator.
The following procedure will be used to measure and
decontaminate an indicator when it is used to
measure the depth to water in a monitoring well:

1. Rinse the indicator probe off with deionized
~ water, rinse the grobe with a laboratory
detergent solution (i.e. Alconox and deionized
water), and again rinse the probe with
deionized water. Shake off excess water and
‘unreel the probe slowly down the eductor pipe
until the light and buzzer of the indicator
respond.

2. After measuring the depth to static water, the
cable is reeled back on the spool and the end
is decontaminated again, foliowing the

3 procedure described above.

c. Check for an immiscible 'layer if non-agueous phase
liquids (NAPLs) have previously been detected, if :
any constituent has previously been detected at ™

e above 25% of its solubility, if the organic vapor

-

Golder Associstes
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7 7
7.0 (BEOECEHS ’SAMPLING PROCEDURES

7.1 Well Sampling

Dedicated bladder pumps are currently prdposed to be in-
stalled in each monitoring well for groundwater sampling
purposes. However, evaluation of site hydrologic conditions
upon completion of well installation may dictate alternative
sampling methods. |

A bladder or diaphragm'pump is a type of pump which operates
under the cycling of compressed gas. The compressed gas
cycling inflates and deflates a diaphragm which creates a
pumping action. The bladder pump will be made of stainless
steel and Teflon material. Due to deep hole conditions, the
pump may be supported by a clean stainless steel cable
connected to the well cap. The pump intake should be posi-
tioned in the lower portion of the screened interval. A
fluorocarbon resin (i.e. Teflon) outlet tube should be
connected to the pump and extended to the well cap. Bladder
pumps approved for well sampling shall operate in a continu-
ous manner so that they do not produce a pulsating action
which may aerate the groundwater samples in the outlet pipe
or upon discharge.

A three cm (one-inch) diameter PVC eductor pipe- will be
placed inside the well casing to extend from the well cap to
about 3 m (10 feet) above the highest anticipated water 1level
in the well. The eductor pipe, therefore, will not be in
direct contact with the well water. This pipe will serve as a
conduit through which a wvater level indicator probe may be
freely lowered-to-the water—table without being obstructed by

e E “ -

. e, R

the dischaige line and air line extending from the bladder
pump. ‘ :

<>



iNTRODUCTION

In the following sections, a statistical decision tree is constructed for the analysis of
ground-water monitoring data. The decision points depend on the distributional form of
the observed data and the detection frequency of each constituent. Statistical methods for

outcomes at the Hovic facility for the Propased set of indicator parameters. Based on these
hypothetical examples, statistical power characteristics are computed 30 that the effect
magnitude required to balance false positive and false negative rates for each method may
be identified precisely.

STATISTICAL METHODS

1. Case 1: Compounds Detected in All Background Samples

1.1 Compute the 95% prediction limit as:

2+ \/1 + %t,.-,,.ms | : (1)

where
2= : % (2)

=]

k is the number of monitoring wells, e is the false positive rate (set to @ = 05), ¢ lLe/| is
the one-sided (1 - a/k)100% point of Student’s ¢ distribution on n — 1 degrees of freedom,
and n is the number of background measurements. Tables 1.3 provide values of the factor
fin-1.0/e)\/1+ L for values of n = ¢ to 100 and k = 1 to 100: therefore, the owner/operator
is only required to compute the mean 2 and standard deviation s of the.n background
measurements. *

2. Case 2: Compounds Detected in ot Least 10% of All Background Samples
2.1 Compute the mean of the n background samples as:

z=(1-§)r | | (4)

where 2' is the average of the n; detected values, and no is the number of samples in

which the compound tnot detected or is below the method-detection limit. Thestandirde——

deviation is:






.=Vﬁ\x-:'}ar+f(x-'::;)z"' ~ | (s)

limit can then be computed using the equation in section 1.1. This method is due to
Aitchison (J. Amer. Statistieal Association, §0, 901-908, 1958).

3. Case 3: Compounds Detected in 5% to 10% of All Background Samples ( voCs)

detected concentrations across the 27 compounds listed in Table 4, substituting the pub-
lished method detection limits (see Table 4) for those compounds that are not detected.
For example, if none of the compounds were detected, the sum for that scan would be 154
ppb.

3.2 Compute the 95% poisson prediction limit (Gibbons, Cround Water, 25, 5, §72-580,
1987) as:

2

m tayvam + 8 (6)

Y. :
n n
where y is the total ppb for all n background scans (v.c., the sum of n individua! scan
totals), n is the number of background scans, ¢ is the (1-.05/k)100% point of Student’s ¢
distributiononn =1 degrees of freedom (see Tables 5-7), and k is the number of monitoring

3.4 When computed in this way, the estimated limit valye is for the entire method 62¢
scan; therefore, the sum of detected values in a hew monitoring scan shouid be compared
to the limit and not individual valyes.

3.5 f only a small subset of the volatile organic compounds are used, or other inorganic
Parameters are detected in the 5% to 10% range, the limit in 3.2, can be computed for
each compound individually. In this case, y is the sum of detected values (or MDL) for
that compound across the n background measurements.

4. Compounds Detected in Less Than 5% of All Background Samples

4.1 The 95% assurance limits (i.c., false positive and false negative rates set to 5%)
are computed using the method due to Clayton, Hines and Elkins (Analytical Chemistry,
$9, 2506-2514, 1987), using variance estimates from USEPA’s round robin study (Federal
Register October 26, 1984, 49, 201). The assurance limit is: '

#/1+1, o (7)
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L TTTT v = sus noncentrainy parameter of the one-sided noncentral ¢ distribution with n -1

~ degrees of fre~dom, and s js the standard deviatior " p analytical replicates.

4.2 For the case of 7 analytical replicates required by USEPA and false positive and
false negative rates of 5%, the assurance limit is:
i

3.75\/1 + ;a =4s _ _ (e)

4.3 Values of s for the method 624 volatile organic priority pollutant compounds can be
found on page 147 in Table § of the previously cited Federal Register. The corresponding
95% assurance limits are provided in Table «. ' '

ILLUSTRATION

To illustrate the previously defined statistical monitoring program, consider the hypo-
thetical data in Table 8. These data reflect a monitoring program in which 2 background
wells were monitored quarterly for a period of two years, yielding 16 background observa-
tions (i.e., n = 16). Furthermore, we assume that 4 monitoring wells are to be evaluated
on the next round of sampling.

Inspection of Table 8 reveals that chromium bad a detection frequency of 44%, lead
100%, benzene was never detected and toluene was detected once (v.c., 6%).

The prediction limit for chromium, for which 7 out of 16 values were detected, is
computed as:

. .
z-(l-ﬁ)zsm-xs.n (9)
9 9 - |
~ - Z)17.93 _( -h) ST
s ‘/(1 16)1 ¥+ 56 - 1emy) 388 (10)

limit = 16.87 + 2.57(22.98) = 75.93ppb (11)

where 2.57 is the multiplication factor for n = 16 and & = 4 from Table 1.

The prediction limit for lead, where all background Imeasurements were detected, is
computed as:

limit = 31.31 + 2.57(17.04) = 75.10ppb (12)

Since none of the benzene Imeasurements were detected, we use the assurance limit of
27.6 ppb as the limit for this compound.

Finally, since the single detected value of toluene yielded a detection frequency of 6%,
We can compute a poisson prediction limit for this compound. Substituting the detection
limit of 6 ppb for the 15 nondetected measurements, we find that y = 110ppd and ¢ = 2.49
(see Table $); therefore,

e e + a'3\/-110(1 +16) + 2;:2 =138pp6 (13)

ot 249
e 2(16) ~ 16






which is in fact, lgs than the assurance limit of 19.2 ppb for this compound.
STATISTIC/ ™ POWER

Statistical power curves are presented in Figures 1.3 for chromium, lead and toluene.
Inspection of Figure 1, which is based on the hypothetical data in Table 8, reveals that for
16 background samples, 4 futyre monitoring wells, and a background mean and standard
deviation of 16.87 + 22.98, the test reaches a balance of false positive and false nezative
rates of 5% (i.e., 95% power) at a concentration of 100 ug/l in any single new monitoring
well. Figure 2 reveals that for lead, 95% power is achieved at a monitoring concentration of
93 ug/l. Figure 3 reveals that for toluene, the poisson prediction limit achieves 95% power
at a concentration of 16 ug/l. These power calculations are based on 100 replications
simulated from normal and poisson distributions respectively. _

The assurance limit of 27.6 kg /! for benzene insures both false positive and false nega.
tive rates of $% (i.e., power = .95) for the test of the null hypothesis that the concentration
of benzene is zero.

LIMIT ESTIMATES FOR THE FIRST 2 YEARS OF MONITORING

In the absence of a sufficient historical database, assurance limits for chromium, lead,
benzene and toluene will be used for the first two years of Quarterly moniioring at the Hovic
facility. Assurance limits for benzene and toluene are 27.6 ppb and 19.2 ppb respectively
(see Table 4). For chromium, a standard deviation of 5.7 ppb was reported for a spiking
concentration of 150 ppb (Federal Register, 49, 209, Friday October 26, 1984, page 204);
therefore, the 95% assurance limit is 4(5.7)=22.8 ppb. For lead, a spiking concentration of
24 ppb yielded a standard deviation of 9.6 ppb; therefore, the assurance limit is 4(9.6)=38.4
PPd. Any new monitoring value exceeding these assurance limits will be considered a
“trigger” value.

BACKGROUND SAMPLING DESIGN

Given that the proposed indicator parameters are expected to be rarely detected in the
upgradient wells we propose that the background database be continuously updated with
each new set of quarterly measurements. For those compounds that are never detected,
this increased background database will not require any recomputation of the assurance
limits that have already been proposed for the first two years of ground-water detection
wonitoring. For those compounds that are detected in $% or more of the total number of
background samples, limit values will be recomputed Quarterly.
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TABLE 3

FACTORS POR OBTAINING ONE-siDED
#5% PREDICTION LDWQTS FOR k ADDITIONAL
SAMPLES GIVEN A BACKGROUND saMmrLE OF SIZE n
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TABLE 3

FACTORS FOR OBTAINING ONE-SIDED
9% PREDICTION LDMITS POR s ADDITIONAL
SAMPLES GIVEN A BACKGROUND samrpLe Or sizk .
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TABLE ¢

Method 624 Volatile Organic Compounds
Published Method Detection Limits and

' 95% Assurance Limits in ppbd T
Compound Reported MDL Round-Robin SD Asurance Limit
“Benzene 44 6.9 27.6
Bromodichloromethane 2.2 64 25.6
Bromoform 4.7 S.4 21.6
Bromomethane . 10.0 17.9 71.6
Carbon Tetrachloride 2.8 8.2 20.8
Chlorobenzene 6.0 6.3 25.2
Chloroethane 10.0 114 45.6
Chloroform 1.6 6.1 24.4
Chloromethane 10.0 - 19.8 79.2
Dibromochloromethane 3.1 6.1 24.4
1,1-Dichloroethane 4.7 §.1 20.4
1,2-Dichloroethane ' 28 ' 6.0 24.0
1,1-Dichloroethene 2.8 9.1 36.4
trans-1,2-Dichloroethene 10.0 8.7 22.8
1,2-Dichloropropane 6.0 _ 13.8 §8.2
cb—l.&DichJoropropene 5.0 15.8 63.2
trans-1,3-Dichloropropene 10.0 10.4 41.6
Ethyl Benzene 7.2 7.5 30.0
Methylene Chloride 2.8 74 29.6
1,1,2,2-Tetrachloroethane 6.9 1.4 29.6

Tetrachloroethene 4.1 $.0 20.0 -
Toluene 6.0 - , 4.8 19.2
1,1,1-Trichloroethane . 3.8 ’ 4.6 ' 18.4
1,1,2-Trichloroethane : 5.0 8.5 22.0
Trichloroethene 1.9 6.6 26.4
Trichlorofluorometbane 10.0 10.0 40.0

Viny! Chloride 10.0 20.0 . 80.0
all values reported in sg/l

Assurance Limit = 3.75\/1 +1/7SD=4.0(SD)

where 3.75 is the noncentrality parameter of the one-sided

noncentral t distribution with 6 degrees of freedom,

that is, 7 replicates and o = B =.05






TABLE 8

; VALUES OF « FOR OBTADNING ONE-SIDED
95% POISSON PREDICTION LDMITS FOR & ADDITIONAL
SAMPLES GIVEN A BACKGROUND SAMPLE OF SIZE »

Previous Number of nev messurements ()
1 3 3 4 $ (J 7 8 9 10

113 I 319 380 37 8:“ 4:“ 431 1.47 480 47T e85 ¢ 07 37 .
101 357 2391 318 336 363 368 341 383 qo3 @19 4N «» 1 qu
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160 302 320 333 343 330 336 362 386 370 37 3178 381 3¢ 3206
168 303 130 333 34 380 356 361 366 270 37 177 380 383 386
16 302 330 333 34 3.9 386 361 2368 370 37 17T 380 383 388
168 302 32 332 343 2.9 355 361 385 200 3173 177 380 333 3388
/ ! ‘ 1 A’ 355 3600 365 360 2173 i 1m 383 38
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16 301 219 333 341 2@ 315¢ 300 364 30 17 1 ;w1 3.4
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167 19 317 339 338 3¢ 351 388 281 3¢5 3¢ in i 7 0
166 19 317 333 337 3¢ 351 336 300 344 3247 N 3% 3% 1m
166 1% 216 338 337 9.4 330 235 3239 3¢ 167 2™ 73 7 3nm
166 198 316 338 338 324 349 354
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TABLE ¢

VALUES OF « For OBTAINING ONE-sDE2D
%X POISSON PREDICTION LDMITS FOR ) ADDITIONAL
SAMPLES GIVEN A’JIACKGIOUND SAMPLE OF si2E »

Number of new e asurements (%)
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TABLE Y

VALUES Or s roR OBTAINING ONET-se2D
%X POISSON PREDICTION LMITS POR & ADDITIONAL
SAMPLES CIVEN A BACKGROUND samrLe orsie.

Previous Number of now Setsurameats (k)
a N N o g 80 88 ] [ % n
< 887 00« 948 9.8 1031 10.5% 1087 117 4 &
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TABLE &

Hypothetical Ground-Water Monitoring
Results for Two Background Wells
Monitored Quarterly for Two Years

(reported in ug/1)

Well Quarter Year Chromium Lead Benzene Toluene

1 1 87 20 $0 nd nd
1 2 87 nd 60 sd nd
1 3 87 40 70 od nd
1 4 87 30 40 nd nd
1 1 88 nd 30 nd nd
1 2 88 nd 20 nd nd
1 3 88 nd 10 nd 20
1 4 88 S0 18 nd nd
2 1 87 70 30 nd nd
2 2 87 nd 25 nd nd
2 3 87 nd 40 nd nd
2 4 87 ‘'nd 16 nd nd
2 1 &5 nd 18 nd - nd
2 2 £g 40 19 nd nd
2 3 88 20 23 nd nd
2 4 88 ad 38 nd nd -
Detection Frequencey 44% 100% 0% 6%
2 (detected) 3857 a1 . .

$ (detected) 17.73 17.04 - -
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otalntital ricuicuon 1niervals tor the
Evaluatio. of Ground-Water Quality

by Robert D. Gibbons®

ABSTRACT

Factors for s normal digmbution are given such that
one may be 99% confident that the twosided prediction
inteval ¥ 2 13 or the one sided prediction interval £ o r3
will contain all of the & future values, where ¥ and 5 are the
sampk mean and mandard devistion obtained from a
previous values. In the context of ground avater monitoring,
the furure samples may represent new monitoring values at
cack of # downgradient wells, and the » previous values

;mght be the himorial monitoring results for ene or more .

vpgradient wells. The Tables provided in this paper allow
the computation of onc sided and twosided 99% prediction
intervals for previous sample sizes of a1 = 4 10 100 and
furure umples of & = | to 100. Modifiation of these
intervals for log-normally digriduted dats s also presented.

1. INTRODUCTION

The principal objective of groundwater
monitoring at hazardous waste disposal facilities is
to empirically determine if on-site chemical waste
is migrating off-site in ground water. The principal
method of ground water monitoring involves a
comparison of specific chemial constituents of
ground water upgradient of the site with similarly
collected and analyzed samples downgradient of

SUniversit y of lllinois, Biometric Laboratory, Miinois
State Pgychiatric Institute, 1601 W. Taylor $t., Chicago,
ilinois 60612,

Received June 1986, revised April 1987, sccepted
April 1987,

Discussion ojxcn until Janvary 1, 1988.
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the site. The null hypothesis of interest in such
monitoring programs is that of no difference in
chemical composition of ground water upgradient
and downgradient of the facility. The logic in such
8 comparison is that presumably, the upgradient
wells monitor ground water that is unaffected by
the waste disposa! facility, whereas the down-
gradient wells are in the path of ground water that
flows underneath the site, and therefore should
provide an early warning system for any potential
off<ite migration of hazardous waste. The validiry
of this monitoring procedure is mot the focus of
this paper. The development of s xatistically
rigorous hypothesis teting srategy is the focus of
this paper.

If ground water were in the form of a well-
mixed underground river or lake that spanned the
entire ares of the site, the most direct approach to
testing for upgradient versus downgradient
differences would be to obtain extimates of means
and variances for individual compounds for all up-
gradient wells and similar estimates for all down-
gradient wells. If the variances of these two dis-
wributions were reasonably similar, the measure-
ments independent (i.e., not replicate measure-
ments obtained from the same sample), and the
compounds in question had approximately normal
(i.e., Gaussian) distributions, one could readily
compare the two distributions using Student’s
t-gatistic for each indicator parameter separately,
or if a sufficient number of monitoring wells were
available, all of the indicator parameters could be
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§=ausuic (Anacrson, 1958)]. Alternatively, if the
assumption of b~mogeneity of variance could not
be supported, ©.  could use an unequal variance
¢-statistic such as Cochran's approximation to the
Behrens-Fisher r-atistic (Snedecor and Cochran,
1980).

From a statigtical perspective it is unfortunate
that the ground-water lake or river example falls
considerably short of reality. Ground water occurs
in geologically discrete aquifers which genenally
move extremely slowly (i.e., inches per year) and

-in rare cases can exhibit 2 plume-like projection,
such that only localized arcas of the downgradient
geology may exhibit contamination. In light of
this, pooling information obtained from down-
gradient wells, some of which may be contami-
nated and some of which may be perfectly normal,
does not scem sensible,

" If we cannot estimate 2 mean and variance for

a colection of downgradient well measurements on
2 particular occasion, we cannot compute a
¢=statistic. The reason for this is that a t-statistic is
appropriate for the comparison of two mean
values; however, if each downgradient well is
examined individually, its measurement is not the
mean of anything, it is simply a single new observa-
tion which must in turn be compared to 1 histori-
@l upgradient sample of measurements in order to
assess its significance. Stated satistically, we desire
an interval or range of values that will have high
probability of containing all new monitoring
observations. If the monitoring program involves
multiple wells, we must construct an interval that
will include all of the & future observations, where
k is the number of wells that are to be evaluated on
the next monitoring event. Intervals of this type
are called “prediction intervals” and need to be dis-
tinguished both from 3 confidence interval on an
unknown distribution parameter (e.g.. a confidence
interval of a mean value), and from a tolerance
interval which contains the values of 3 specified
Proportion of the population with a certain level of
confidence. Hahn (1970) illustrates this distinction
by providing an example of the typical astronaut's
problem. ““An astronaut who has been assigned to a
limited number of space flights is not very
interested in what will happen on the average in
the population of all space flights, of which his
happens to be a random sample, or even in what __

" will happen in 99% of the population of such space

flights His main intcrest is in the worst that may
happen in the one, or threce. or five thyghts in which

356

the coverage ¢ of the interval

g . TFIr= vnsec avaage in the popula
of all space flights represents 5 confidence inte
wh will happen in 99% of the population of
space flights is a tolerance interval, and what wil
happen in the next onc, or three, or five space
Mights represents a prediction interval.

2 STATISTICAL DEVELOPMENT
Our objective is to define an interval

T2r(k,m;1-q);s

that will contain the values of all & future measu:
ments, where & and 5 are the sample mean and
Kandard deviation caleulated from the values
¥11- .., xq of 8 previous measurements; that is,

. =
X2 T x/n
is]

[
2L i DU - ).
(L J

The original # observations and the addition
k samples are assumed 1o be independent random
samples (ie., not analytical replicates) from the
$ame normal distribution. For the case of a single
hew observation, Wilks (1941) showed that wken
sampling from a N(u, ¢?) with y and o? unknown

Ters | -
¢ t!.]" Varo? exp (- 3o (x-u)}oy

will on the average be | - o, ifaud only it
revVlel/m tn-1.0s2]

where t(a.1.0/2] & the 100(1 - e )% point of
“Student’s” tdistribution with w - | degrees of -
freedom. o ’

Chew (1968) extended this result 1o the case
of & future observations using an approximate
conservative method for obtaining prediction

- intervals based on the Bonferroni inequality

(Miller, 1966). This approximation leads to the
100(1 - )% rwosided prediction limit:

2:V1e1in Uin-1.0s24) §

n:

a.nd_ the 100(1 - ¢)% oneided upper prediction

feVien Hu-t.0r8] S
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WAL HUIITHILET QUAUTIIUTC NG IOUNG LNC approx- ROt be used in practice. For example, the exaat
imation to be satisfactory for practical purposes. oncailedeesult form = 1Sand & = 4 is
Comparison of val.  .n Tables 1-3, which provide r(4,15;. )= 3.42, and the approximate value
valvesof r(k, m; 99)fora = 410 100and k = J to given in Table 1 is 3.43. Using this example in 2
100 for onc sided intervals, and Tables 46 for the practical application, we would compute the 99%

corresponding twosided intervals reveal that on upper prediction limit as £ + 3.43s, where in this
the average, the bias is less than 1% with a maximum example, £ and s would be computed on 1§ back-
devationof 7% forn = 4 and k = 1. In face, for ground (upgradient) measurements, and each of

® > 4 the bias is never greater than 1% regardless of the four new monitoring (downgradient) measure-
k. The small bias observed for w = ¢ is always an ments would simply be compared to this limit
undarestimate; therefore, the approximation is value.

Table 1. Factors for Obtaining One-Sided 99% Prediction Limits for k
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3. PREDICTION LIMITS FOR THE
LOGNORMAL DISTRIBUTION

When data exhibit a few elevated values such
tha: the frequency distribution is “skewed " with 3

long right tail, estimates based on the assumption
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of normality do not apply. In practice, transforma-

tions of data are used to stabilize variance and
bring about normality (Box and Cox, 1964).
Perhaps the most commonly used transformation
in rhis situation is the natural log transformation
(Aroian, 1941), where x is 3 lognormal random
variable. such that y=log, x~ N(u. o). When

u and e? are unknown, we may substitute the
saziple evimates ¥ and 5° where
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Based on a result obrained by Dahiys and

Cuttman (1982), the 100(] - @)% prediction
interval has the familiar form

and lloge &x;) - 512w - 1).

exp(y:Vieln ta-1.0r2) 5).

In ligh} of zhis, the values in Tables 1:3 may be
used 10 obtain the oncsided 99% prediction limit.
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samiia:ly. Tables 46 ui:y be used o compute the
corresponding tw  ed 99% prediction limit:
exp(ytr(k un;.99)s)

A note of caution must be raised regarding the
usc of log mansformation in aleulsting prediction
Limits. This point is best illustrated by an example.
Consider the following data for TOX, and for
smplicity let us assume that these measurements
were collecred from a single upgradient well,
quarterly for two years 30 that 5? is an unbiased
estimate of ¢?. '
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Fe2700 £0296
822097 50093
as § a8

Inspection of the original TOX values reveals 3 dis-
tribution that is skewed to the right; therefore, log
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transformation appears to be 3 natural chojce for Alternatively, if we directly estimate the mean and
betrer approximating the assumed normality of the standard deviation of the lognormal distribution
stauistical procedure. Indeed, the transformation (Aitchison, 1955), we obtain for the 99% predic-
3ppeass to have somewbat normalized the distriby- tion limit
tion of these measurements.

Assuming that we are interested in evaluating 28.16+27.71(3.16) = 115.73 ppb

3 single new downgradient measurement, the 99%

prediction limit based on the original data is- Inspection of these three prediction limits

reveals that the estimate based on log transformed

27.00 + 20.97(3.16) = 93.27 ppb data is remarkably elevared relative to the normal
whereas, the 99% prediction limit for the log and ',°‘_"°"',‘"_ tntenal estimates. The lognornra!
transformed dats is: prediction limit is, of course, incorrect because the

usc oof these limits asumes 3 normsl distribution
©xpl2.96 « 95(3.16) = 38 39 pph l_"" v.. whereas thew eqimates ar¢ hased on bog-

@)
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ses. LONVErscly, tNC INTZIVal ESTUmate tnat both the original observations (x,, . . . , x4)

obuained following lo~+tansformation of the data, and the fi~ure observations (Tnots ... Xaoh)arise
a scemingly standard . J benign practiee, is from the . .ne probability disribution, namely,
extremely high and is likely to lead to elevated - N, o?). Since, in practice, u and ¢? are unknown
false negative rates even for lideral effect magni- Quantities, we must estimate their value froma
tudes. In fact, the limit value for the log trans- random sample of previous measurements by
formed data is almost an entire order of magnitude obtaining the sufficient statistics ¥ and 5, that is,
bigher than the maximum value in the background the sample mean and standard deviation. If our
sample. It is for this reason that log wanformation background measurements consist of muliple
must be used very cautiously when constructing Quarterly measurements of a single well or multiple
prediction intervals. upgradient wells at a single time-point,
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.o , ) ) . analysis of variance model [see Winer (1971),

5 = = (x, = £)’/(n = 1) is an unbiased estimate of Page 427, for a similar example]. Here, we are
modeling the background measurements in terms

of two random facrors corresponding to wells and

time-points. The general form of this model is
given by:

o®. However, when multiple upgradient wells are
e 2luated on several quarters, the previous
equation vields biased results unless we make the
denonstrably false assumption that temporal and .
spatial variability are identical. Tgtrrwirrjee

The unbiased variance estimate for the case of where x; is the measurement on background
maltiple upgradient wells and multiple samplings - (upgradient) well ; on “-'gﬂin‘ &Nt ji  is the”

3

of each well (sclected at sufficient intervals to unknown mean level for ckground measurements
nsure independence, for example, Quarterly 1. averaged acvoss wells and time): «, is a random
“=phing) can be obtained from the random effects varighle distribated \ (0, a?,) thar deseribes the

02
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time j from y; and ¢:~i8 3 random residua! distrid-
uted N(0, 0g). Ass. ¢ independence of the x,
the expected value of 3 measurement is:

E(xy)=yp
with variance ,
Vix;)=el, ¢ 0} ¢0}
This model corresponds to what is termed 3
randompzed block design in the gatistical literature,

and the expected mean square for the wells, time-
" points, and residuals are given, respectively, as:

MSQ = ‘GL * .:
= _E’ Gi- 9w - 1)
')

MS' = ‘90;’.:

w I (-8 - 1)
i1
MS¢ = .:

L J 4 . =
,Il ':1 (xjj=X -5+ D) Nw=- 1)t - 1)
=] ;=

where x; is the measurement for well  on ocasion
Ji© is the number of wells; ¢ is the number of
Quartaly measurements per well; £; is the mean for

all measurements from well §; x’, is the mean for all -

measurements from time j; and £ is the mean of all
mcasurements acoss wells and times. '

Solving for the individual variance components
- 0Z,. 07, and o}, we find that:

~ m‘d "MS(
4

1
L)

MS( = MS(
w
and 0: s MS(

Oy =

The unbiased estimate of the total variance is
therefore:

Vi) = ¢!, 00} ¢ H
- MSQ - MS¢ .MS' ’MS(
L

: *MS,

—

The above model assumes chat all wells are — - -

measured at the same time-points, and thus, the
two factors are referred 10 as “rossed” fan_ors.

wells cannot be assumed to be equal, then the timx
pint f>~or is mid to be “nested” within the well
facvor . . Wine (1971), page 360, for 3 deraded
description of nested factor designs) . This would
occur, for instance, if the background observations
for well 1 were made quanterly in 1972, while the
observations for well 2 were made Quarterly in
1976, and those for well 3 were made in 1975, exc.
This nested model is given by: ‘

‘i.' 00.‘0"‘0(6

where xi, 0, wi, and ¢ are as before, while 1y isa
random varisble distributed N(0, ¢3) that dsaides
the deviation of well i at time § from the overall
mean value for wel i (v ¢ w;) averaged over time.

If ampling events are “nested” within wells,
the expected mean squares must be modified 1o
reflect this design. Specifially, the expected mean
square for the wells is:

MSy, = tel, ¢ e} ¢}
»
*tI &-TNw-1)
il

while the mean square for time is:

MS; = o} ¢ 0}

L 4 [ 4
= I I (i-x,)[w@-1
i1 ju1 § =~ Xi)V[w( )
With time nested within wells, the error term
o¢ annot be separately estimated since there is
only one observation per well x time cell. Thus,

solving for the individual variance components o,
and o} , we find that:

.L . MSU = MSr
t
and o} + ol = MS,

The unbiased estimate of the total variance is Dow:

Vixij)= ¢, +0} ¢ 0}

— - 2 v
‘;kl 8’)-; [ 4

(xj - 2P

el (w=1) st jes [w(t= 1)}
— T
R
Codet e [w(e- 1))

<63
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FIrANCE CSIMALE IRAT assumes equal spatial and
temporal variability»as expectation (the author is
grateful to an anon, .ous reviewer for raising this

POI'J\!):

El'l «E[ T T (o= 5)n-1))
is] ju]

n-¢
3 ? ?
ALK

where n is the total number of measurements. This
equation reveals that s? will always underestimate
V(xg). For example, with two wells and four
Quanterly measurements, the contribution of the
well variance o}, is underestimated by 43%. The
addition of two upgradient wells decreases this bias
to 20%, and the addition of a second years back-

-ground increases the bias only slightly to 23%.

When multiple upgradient wells comprise the
background sample, the unbiased estimate Vixij)
should aluoys be used in place of 5. The impor-
tance of using multiple upgradient wells is due
botb to the large spatial variability that is com-
monly observed for naturally occurring constituents
of ground water and because it eliminates the
confound berween spatial variability and contami-
nation. In the case of a single upgradient well, an
upgradient versus downgradient difference may
teflecx either spatial variabilicy or contamination
(e, there is no estimate of o2,). In contrast, when
multiple upgradient wells are sampled, an estimate
of spatial variability el, is available, and the result-
ing prediction limit will provide for spatial effects.
A antical assumption, however, is that both spatial
and temporal variability are the same for upgradient
and downgradient locations. This is a complex
problem, and the feasibility of this assumption
should always be evaluated on a site specific basis
to bring into consideration hydrogeology as well as
predlems with previous conditions and sources of
ofrsite contamination.

S. ILLUSTRATION
Consider the following data for pH obtained

from two upgradient wells each with four .
Quarierly measurements. '
Quarter Upzradient well 1 Upgradient well 2
] 7.1 .
2 7.4 78
3 2.7 2.9
s , X0 XY
&
it

TTNSTOYIYBVYII I B¢7.9+8.0)/827.70
E7e(11074+2.7+80)457.58
 Fuen®(7.707.847.94+8.0)4s7.85
MSe=4((7.55-7.70)" +(7.85-7.70)") /(2-1)=0.180
MSy = [(7.1-7.55) ¢ (7.4-7.55) ¢ (7.7-7.55)" ¢
(8.0-7.55)"¢(7.7-7.85)" ¢ (7.8-7.85)"«
(7.9-7.85)+(8.0-2.85)")/[2(4 - 1))
=0.083
The resulting variance estimates are therefore:
MS,, = MS,
N 4 -
= (.180 - .083)/4 = 0.024
o} =MS, = 0.083

Vix;) = 0.108

As expected, the bizsed variance estimate

s? = 097 undaestimates V(x;) since, in this
example, s? = 4/7¢1, ¢ ¢} + c! . The variance
estimate for the randomized blocks design

V(xjj) = .120 was somewhat larger than the result
obtained for the nested model, because 1 unique
estimate of the residual error is available

(o, =.037, ¢} = 050, and 0] = .033).

In terms of establishing prediction intervals
for future observations, we obtain the following
estimates from Tables 4-6 assuming the more
general nested sampling design (i.e., the time-points
are not the same for all wells).

Number of
downgradient
wells . Prediction interval
1 7202 367(V/108) = 6.49-89]
2 7704 ¢20(V/108) = 6.32-9.08
3 7702 452(VI08) = €22.9.19
< $202475(V/108) = 6.13-926
3 7702 494(VI08) = 6.08-9.32
& 1.702509(V108) = 6.03.9.37
] 770£522(V101) = $98-9.42
s 170£534(V108) = $.9¢-9.46
$ 7702 5.44(VI08) =" $.91-9.49
10 1.702583(VI08) = §.88.952
20 17026.15(V108) = $.68.9.72
0 T702653(V108) = $.55.9.85
€ 7902681(VI08) = $.46.9.94
80 $70:702(V108) = $.39.1001
o) S0:IAVI08) = $.16- 102
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P— - TTTT T vwr ey emsupie (1
—enc year), the prediction intervals would nr:e
from 6.70t0 8. Tor 4 singk downgradient well
10 5.94 10 9.46 for a site with 100 downgradicnt
wells, assuming that £ and V(xi-) remained
constant.
6. DISCUSSION _
Although the saristical monitoring grategy
developed here may appear comprehensive, i is
only a small firs step. For example, none of the
methodology presented here is directly appropriate
for the analysis of indicator compounds that
exhibit values below method detection limits, or go
undetected in a proportion of the sample. Perhaps,
the simplest solution to this problem is to use the
prediction limits developed here with etimates of
the mean and variance of a censored normal distri-
bution (Cohen, 1961) or eensored lognormal dis-
uibution (Aitchison, 1955). Using these proce-
dures, however, it is not at all clear how unbiased
variance estimates would be obtained, as are
desibed here for the case of complete informa-
tion. As an even more extreme omission, the
suategy presented here is completely inappropriate
for the analysis of volatile organic compounds that
occur in less than 5% of all measurements obtained
from clean upgradient wells, trip blanks, and field
blanks (Plumb and Parolini, 1986, Hurd, 1987).
Insp<ctions of these potentially useful indicator
compounds suggest that they may arise from a
Poisson process (Gibbons, 1987) or possibly even
3 censored Poisson digribution. Statiticaal methods
for monitoring infrequently detecred compounds,
such as the volatile organic prioriry poliutant com-
pounds are sorely needed in ground-water  »
monitoring. and statigical research in this ares is
strongly encouraged.
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Statistical Models tor the Analysis of Volatile
Organic Compounds in Waste Disposal Sites

by Robert D. Gbbors®

ABSTRACT
: The eccurtence of bow<ewe! hits of wolatile erganic
poority pollviant compounds & xazistically modeied asa
Poisson process Mezhods are deweloped 10 entiomre the
ean of dx Poissor dimmdution for 3 andom mmpk of
wolatide organic masurements as well as 995 prediction
linius and 99% tolerance limna The predicuion fnic
provide an interval eximate that will include valees
obuined for the next k future masurements based on s
ampk of s previous masurements with $9% coafidence.
The tokerance limiu provide an interval emimate for the
» previous maswements that will contsin 99% of the
population of background measirements with #5%
confdence. Thax methods are Tustrated wick maasire
ments odbnuined from 61 field blanks $6 orip blasks, and
162 samples obuined from 29 wpgradica: wells. Both
prediction and tolerance limiu yiekded cxuemely similar
results in all three examples.

1. INTRODUCTION

The curent regulatory approach to ground-
water monitoring at hazardous waste disposal
facilities relies on “indicator parameters” to
establish the need for more extensive characteriza-
tion of ground-water monitoring samples. The
critical assumption underlying this strategy is that
the selected indicator parameters, pH, specific
conductance (SC), total organic carbon (TOC), and
total organic halogen (TOX), reflect levels of four

3 University of Illinois, Biometric Laboratery, illineis
State Psychistric Institute, 1601 W, Taylor St., Ohicago,
Hhinugs 60612.

Received june 1986, revised April 1987, accepred
April 19x7,

Dicusein open wntil Ma:ch |, 1988,

LT
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fmajor priority pollutant groups (volatiles, base/
neutrals, scid exuactables, and pesticides). If chese
fow indicator panumeters did serve as reasonable

- surrogates for the extensive list of priority poButant

compounds, satistial monitor’ °g of these four
compounds could indicate when analysis of the
more extensive iz was required. Based on s srudy
of 350 CERCLA and RCRA sites and over 1000
elements and compounds, Plumb (1987) has
demonstrated that increases in these four indicator
parameters are rarely sccompanied by increases in
the levels of priority pollutant compounds. In facz,
the concordance rates were only 10% for TOC,

16% for TOX, 38% for pH, and 38% for SC. In
contrast, ese of the 32 wolatike organic priority
pollutant compounds (VOC) as indicator
parameters produced 2 concordance rate of 80%,
and the correlation between the number of deteared
VOCs and the tora! number of priority pollutant
compounds detecred was r = 97 (i.e., VOCs
accounted for 94% of the variation in the tocal
number of priority pollutant compounds detected).
In fact, 49 out of the top 50 detected contaminants
were either VOCs or discrete pairs of VOCs (e g.,
benzene and chloroform detected in the same scan).
This finding also holds for 97 out of the top 100
contaminants and 139 out of the top 150 contami-
nants. These resuks taken as 3 whole clearly indicate
the superiority of VOCs as indicator paramarers
relative to the current use of pH, SC, TOC, and
TOX.

Alchough VOCs may provide a major improve-
ment over the previous indicator parameters, they
sre far more challenging from » statistical perspec-
tive. For example, Hurd (1987) has shown that low-
level “hies™ of VOCs are found in approximately
$% of trap blanks, fick! blanks, and clean umaé:a(
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field blanks, trip blanks, and clean upgradient wells

exhdits virtuslly identic anerns (see Table 1).
Similarly, when compared to downgradient data,
the same low-level hit distribution ebserved in
blanks and upgradient data is found; however, in
the casc of downgradient wells s second elevated
component distribution is also observed (see Table
1). This elevated component disribution
presumably reflects those values obuined from
contaminated wells. Simple inspection of Table 1
suggests that low-level “hits” are common in the
-040 ppb range, whereas the contaminant
diszdution begins berween 50 and 100 ppb.

What should be immediately obvious from
Table 1 is that while VOCs are detected in back-
ground measurements, their frequency of detection
classifies them as rare events. In light of this, it will
take a considerable amount of monitoring to
establish a site-specific background that is suitable
for suartistical predictions of limits for future
downgradient measurements.

2. STATISTICAL PROCEDURES

2.1. Prediction Limits for a Norma! Distribution

Lnspection of the daua in Table 1 suggests
scveral satistical approaches. Perhaps the simplest
procedure is to ignore the nondetected values and
compute the mean and standard deviation of only
those values that were, in fact, detecred. Given the
long rght tail of the frequency disuributions in
Table 1, we might first transform the data by
taking natural logarithms and compute the mean
and sandard deviation on a logarithmic sale. For
example, the mean and standard deviation for the
123 derected field blanks is 2.78 ¢ 0.37, for the 76
deteczed trip blanks is 2.67 = 0.47, and for the 393
detected values from the sample of 29 upgradient
wells 5 2.80 = 0.38. Civen these sample estimates,
we may compute prediction limits (Hahn, 1969,

Table 1. Frequency Dintridutions for Field Blanks, Trip
Blanks, Cican Upgradient Wells, snc! Downgradient Wells

e Blasts Blashs L= e B

Q O 13 (ex) W

nxe e Q%) m @ P (43%) 3@ ecy)
1 x ¢ Q©I%) T 0N 1 %) » o)
nea ! (omsx) 3 m) S M%) B P
-8 I (om%) [ ] i Py ® PN
83088 ° | pay) ! PUR) @ pry)
[ B 3 ® [ ] -0 ® om)
e S S be LR AL
-y s S s R “.IIL& TERY I Wt SN

wanys ang Lurtman, 1982; Gibbons, 1987) that
will contain allof the nexy & VOC measurements
with 99% cor.  :nce. In the present context, &
represents the number of downgradient monitoring
wells. For example, if we wished to obtain 3 limit
value that would include the next single observa-
tion, assuming that we had estimated Fiog and o
from the sample of field blanks in Table I, we
would apply the equation:

exp (eg Vieln t(a-1.0 Sicg )
which in this case would yield:
exp (278 + VT4 17123 2.37(0.37)) = 38.88

- o0 39 ppb. Similarly, the 99% prediction limit
based on trip blanks would be:

exp (2.67 + V1 ¢ 1776 2.38(0.47)) = 44.52

or 45 ppb. Finally, the 99% prediction limit based
on the 29 clean upgradient wells would be:

exp (2.80 + V1« 1/323 2.33 (0.38)) = 39.92

or 40 ppb. These findings confirm what is evident
from the frequency diszributions in Table B
namely, it is rare to find a VOC above 40 ppb in
wip blanks, field blanks, or clean upgradient wells.
Suristially, there are two vnantractive
fearures of what has just been presented. First, in
terms of our estimates for the sample of upgradient
wells, the sample standard deviation is a biased
estimate of the population parameter o, unless we

~assume that temporal and spatial variability are

€quivalent. Given that VOCs are not naturally
occurring constituents of ground water, this may
be a reasonable assumption; however, a more
sttistically rigorous approach would be to
compute the total vuiancg V(x;). where x; is the
measurement on well 5 for monitoring event j using

- drandom effects analysis of variance model (Winer,

1971, page 360). Details for obtaining unbiased
estimates of ¢ in the context of ground-water
monitoring are described by Gibbons (1987) and
Starks (1986).

Second, it is difficult to justify simply ignoring
those values that are not detected in computing
estimates of » and ¢. Alternate procedures for esti-
mating the mean and variance of a “censored”
normal distribution (Cohen, 1961) or “censored™

— lognormal distribution (Aitchison, 1955)-are

available; however, these estimates are gemerally ——--
inapprapriate for background ssmples in which
only 5% af the daza are acimally Jetected. In the
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following sectic  mode! that incorporates both
derected and nonactected values is presented.

2.2. The Poisson Distribution

In 1837 Poisson published the derivation of 3
distribution that bears his name. Poisson's approach
was to derive 8 diswibution for a series of indepen-
dent events in which the number of wrials were
large, the probability of the occurrence of the
outcome was small, and the probability remained
constant over trisls. In the'dassic illustration of the
Poisson disribution, Bortkiewict (1898) considered
the number of deaths from being kicked by mules,
per annum, in the Prussian Army Corps. In this
ase, the probability of death from this cause was
small, and the number of soldiers exposed to risk
was large. “Student™ (W. S. Gosset) in 1907, used
the Poisson distribution to represent the number of
particles falling in a small area when 3 large number
of areas are spread at random over 2 surface.
Similarly, Rutheford and Geger (1910) used the
Poisson dismibution to model variations in the
sumber of partides eminted by a radioactive source
per unit time.

In more recent years, the Poisson distribution
has been used to characterize rare events such as
suicide rates and the number of mutated cells on
plates containing 10* cells.

In the context of groundwater monitoring,
two applications of the Poisson diszibution
become evident. First, the number of “hits” out of
3 large number of YOC measurements could be
modcled by the Poisson distribution (Silver and
Dunn, 1986). Second, we might consider the
molecule 2s 2 unit of observarion and postulate
that the number of molecules of a particular
compound out of 3 much larger number of
molecules of water is the result of a Poisson
process. For example, we might consider 12 ppb of
benzene to represent a count of 12 units of
benzene for every billion units examined. In this
context, Poisson's approach is justified in that the
number of units (i.e., molecules) examined is large,
and the probability of the occurrence (i.e., s
molecule being classified as benzene) is small.

As an illustration of the Poisson distribution,
consider the data for field blanks in Table 1. First,
let us examine the question of, on the average, how
many detected compounds an be expected o -
occur per scan of 32 compounds. The probability
of 2 scan withexacily ¥ deiecied compounds is: _ __

.I’
ftx.p) s =¥
\

wha 0,1,2,...,ande=2.718. The tam
# is the mean of the Poisson disribution; that is,

u'.§° x f(x)

for which the ample maan is the unbiased
estimator; that &,

s_3 %’ o
sgs x;
'. f=l

For example, the probabilicy of a sample with no
detected compounds is:
f0,5)= et

ard the probabiliry of 3 mmple with three detected

compounds is:

P
[(3,5).f.°_

(2)(3)

The expected number of samples with three
detected compounds i, therefore,  f(3, £), where

. m is the number of mmples.

Turning to our example of field blanks in
Table 1, 123 detections are reported for 61 scans;
therefore, £ = 123/61 or 2.02 detections per scan.
The probability of s sample with five detected
compounds is therefore:

(2.02) 202

[(5.2.02)= =0.037

and we would expect 61(.037) = 2.26 out of 61
samples to have five detecred compounds.
Similarly, the probability of five detected
compounds is f(S,1.36) = 0.01 for trip blanks and
[(5.2.42) = 0.06 for the sample of 29 upgradient
wells. : '

Although this example nicely illustrates the
use of the Poisson distribution, it says nothing
about the concentration of individual detected
compounds. For example, four compounds _
detected at 10 ppb would provide exactly the same
probability estimate as four compoyndsdetected
atl ppm! .

Second, let us examine the ase in which the
molecule is the unit of observation. Returning to
the field blank example, we find 2120 ppboutofa
total of 61 samples; cherefore, £ = 2120/61 or

.34.75 ppb per sample. The probabilicy of a sample

with exactly 40 ppb is therefoee: - .
(34.75 )0. e"‘.”

40!

[(30.34.75) =

= 0.04

.; - .







One possible decision rule that can be
generated from Poisson distribution is to
compute a limit value that will contain 99% of the
previous background measurements with 95%
confidence. Individual new downgradient sample
values might then be informally compared to this
tolerance limit. However, this comparison does
not, in and of itself, constitute a Ratistical test of
the null hypothesis that the new observation was
drawn from the same diszribution as the previous
|amples.

The uniformly mos sccurate upper tolerance
Bmit for the Poisson disribution is given by Zacks
(1970). The derivation begins by obtaining the
cumulative probability that e or more occurrences
will be observed:

Ple.x)s T [ix.5)
F 413

which can be computed as

Pe,u) = P(x* (20 + 2] > 2)

where x? (7] designates a chisquare random variable
with y degrees of freedom. This relationship
berween the Poisson and chisquare distribution
was first described by Hartley and Pearson (1950).
Given n independent and identially distributed
Poisson random variables (i.e., one count per
sample), the sum

n
Tas I x;
=]
also has 3 Poisson distribution.
Substituting T, for u, we can find the value
for which the cumulative probability is 99%: that is,

1
Kgy(T,) = z—”x?,, 27, « 2]

The 99% upper tolerance fimit is therefore
P [u: K 99 (Ta)] = least nonnegative integer j such
that '

X3 (2 + 21 > 2K o (T,)

wherc o is the required confidence level, say. 95%.

For example, in the previous field blank data
sct. we observed 123 derections out of 61 VOC
scans; thereflore, Ty = 123.and n = 61. The
cumulative 99% probability point is [probability
points of the chisquare distribution were obtained
using the Peizer and Pratt approvimation descrilied
by Maindonakd (19845, page 294]

Ko (123)e 2,0 32 s
2 02)s il (20200 2) e 32 e 20

The ¥ % upper tolerance limit s obtained by find-
ing the smallest nonnegative integer j such that:

Xl (2 + 2] > 2(2.48)

Inspection of standard chisquare tables (exeracted
below for j = 3 to 6) reveals that the value of j that

satisfies this equation is §.
] Xas (242
3 273
4 3.94
s 523
é . 6.57

Therefore, the P (0.95; K 99 (123))] upper toler-
ance limit is five compounds per scan. For wrip
blanks K g9 (76) = 1.76; therefore,
J=4=xps[10] = 3.945 2(1.76), and the upper
tolerance limit is four detected compounds per saan.
Finally, for upgradient wells K g9 (393) = 2.72, and
the upper tolerance Limit is six compounds per san;
ie., X (2(6) ¢ 2] = 6.57, which is the smallen
value of j that produces a chisquare value greater
than 2(2.72) = 5.44.

Turning to the second case in which the
molecule is the unit of observation, we obtain for
field blanks, '

Ky (2120) = ‘% X'y [2(2120) ¢ 2] = 3652 -

and find thatj = 46 satisfics the equation
xps [2(46) + 2] > 73.08

In this case, the value of j represents the toral
number of parts per billion detected in an entire
volatile organic scan, that is, no more than 46 ppb
per scan. The 99% tolerance limit for trip blanks
was 32 ppb, and the upper 99% tolerance limit for
the sample of 29 upgradient wells was §3 PpPb.

2.4. Poisson Prediction Limits

The previously described tolerance limits
provide interval estimates that contain a specified
proportion of the population of background
mcasurements with a certain level of confidence. A
somewhat more appropriate interval estimate for
the purposc of ground-water monitoring is a
prediction limit which specifics an interval :
comnputed from  previous measurements that wil:
contain & futere measuremenrs In this contexa th.
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— ® previous measurements are either a series of site-

specific scans ™ the erip blank and field blank
mcasurements reported in Table 1, and the &
future measurements refer to the observations
obtyined on the next monitoring event st &
downgradient wells,

Cox and Hinkkey (1974) consider the ease in
which y has s Poisson distribution with mean .

Having obscrved y their goal is to predict y® which

has a Poisson distribution with mean ey where

¢ is 2 known constant. In the context of ground-
water monitoring. y is the number of events
observed in a previous samples, and y*° is the
number of events observed in a single future
sample; therefore, ¢ = 1/a. Following Cox and
_Hinkley (1974) we develop a prediction limit
using. as an approximation, the fact that the left
side of:

( .y ‘7")7(‘(;7 "'))< 'H

o4 (l . ‘) “ & ‘)i ll-l..l

is approximately a standard normal deviate; there-
fore, the 100(1 - ¢)% prediction limit for y* is
formed from Student's t<distribution. Upon solving

for y * the upper limit value is found as the positive
root of the quadratic equation:

L yetice \-2ey-tle) - 4[(cy) - t'cy)
y t
. 2

which after a bit of algebra simplifies somewhat to:
?

y* tcyo-‘?‘ vtcVy(le 176) + 114

For example, applying this equation to the number
of detected field blanks in Table 1 yields y » 123,
n=01.3nd {40 o1 = 2.39. therefore, the 99%
upper prediction himit is:
123 . (2.39)' 2.39

P B e ) e—— ) m—

61 2(61) 61

= 5 47 detections per scan.

V123(1+61)+(2.39)7/4

When applied 1o the aumber of detected values for
thip blanks, we have y = 76, w = $6, and

L1se. oy = 2.40 which yields 3 99% prediction limit
ot 3 23 detections per scan. Similarly, for
upgradicnt wells, we have y = 393, » = 162, and
Ciini at) ® 2.3$ which }'ku‘ the 99% "dk‘bﬂ
hizz for the next single measurement of 6 11
deicetion. These results are identical o the

o emsh estimated tolerance limdts which vickded

Trenant B3 g e Tnbf bl s

blanks, and upgradient wells, respectively.

‘urning to the molecular approach, we may
simply subgitute previously defined values for y,
such that we'obusin for field blanks (y = 2120) s
99% upper prediction limit of 49 ppb per scan,
for trip blanks (y = 1260) s 99% upper prediction
limit of 34 ppb per scan, and for upgradient wells
(y = 6910) 2 99% upper prediction limit of $8 ppd
per scan. Again, these prediction limit values are
extremely similar to their corresponding tolerance
limit values of 46 ppb, 32 ppb, and 5S ppb,
respectively. '

The previous prediction limits can only be -
used to obtain a limit value that will include &
single future measurement. A simple yet conserva-
tive approximate method for obtaining a limit
value that will contain the next & future measure-
ments, where ks the number of downgradient
wells, can be obuined by substituting f (a1 asa] fc
¢{s-1,e] in the previous equations. This method of
obtaining prediction intervals is based on the
Bonferroni inequality (A" ¢, 1966) and has been
shown to be satisfacrory for practial purposes in
computing normal prediction limits by Haha
(1969). Tables 24 provide values of ¢(, -1 e for
previous sample sizes of a = % to 100 and future
samples of size 1 to 100, using the algorithm
provided by Maindonald (198¢).

The method developed for computing Poissor

- prediction limits is approximare due to the

previously desaibed normality assumption which
leads to use of Scudent's tdistribution. These exi-
mates should be adequate for practical purposes,
and their similarity to the uniformly most accurate
Poisson tolerance limits is strong support for this
claim. Exact 99% prediction limits for the Poisson
distribution do not appear to have been published
in the statinial literature, although they may be
obtained using Bayesian methods for interval
estimation (Guntman, 1970). This derivation is -
beyond the scope of the present paper; however. :
work on this problen is currently under way.

3. SUMMARY

Volatik erganic compounds are detected a:
low levels in trip blanks, ficld blanks, and claan
upgradient wells. Inspection of the frequency
distributions for these three sets of data clearly
reveals the characteristic shape of a Poisson dis::-
lu.ﬂion. In comrast, similar data for » large samipic
of downgradicnt welly yickds a much different-
trequency distrdiution which appears 1o be a
eHNure of two processes wne of kow-devel b
e b 2k embeser s e g bl it aind T GFRE






. Yable 2. Values of t for Obtaining One Sided 99% Pradiction LimRs for &
A-=ditionsl Samples Given o Background Sample of $i ™

Number of nee meamure mants ()

gt 82§ B N 8w R
¢ T« I8 & "“’F‘Yrm—m—m—m—m—.m-
395 4@ ¢85 617 S¢S 0@ S8 oo 631 €3¢ ¢ g¢q e e om
337 4B <M ¢3? M o7 613 837 8.0 6351 s6; 67 ™ 8588 s
BI6 ATL AT 4 O 4 48 O X SW 608 C1s 83 830 837
I 30 37T 388 13 W ¢35 ¢ 37 ¢ N W s ¢
3190 338 350 3™ I ¢ 17 ¢.% €34 68 ¢« s e «w«ws N
383 33 4 e M 3 ¢ 610 @47 43¢ @ o 44 <o .
376 217 39 3 IM I I 887 €& @30 ¢ae 431 W ¢31
171 310 331 34 380 AN AM 357 383 LM 4B W0 4K 419 o
13 36 3% X 34 383 10 37T 885 331 358 o om o8 e

hJ

..-.-..’_
!

11} 365 301 331 3 38 337 388 T3 I 343 388 3: 387 @01 e
1] 381 397 317 3; 3O 385 380 348 AT AT 381 38 M 3¢ 3
” 360 34 31¢ 3MW IM & 335 P61 347 ST 7T 351 I 3 I
17 156 3, 301 M 3 3.4 3351 337 3g sg 373 2% I s ;!
88 357 3180 308 331 337 3.0 36T 93¢ 359 3¢ 38 I m m Im
1] 3185 388 306 319 339 IW 34« 330 $3¢ 3@ % am 3 a2 Im
=® 3534 3188 304 317 337 Im 3G 3@ 383 357 353 &3 I A M
n 333 3854 307 318 33 3 I 3¢5 930 338 30 a3 3 30 In

381 383 301 313 3313 M 37 IO s 353 336 a0 33 346 I
351 383 399 313 I Am 338 sq 846 3350 33¢ 338 981 38« 347
250 351 390 3.0 330 337 93¢ I 34¢ 34 337 388 3 363 S8
360 300 397 I 340 3% 333 937 341 3.6 350 33¢ 337 im0 30
16 37 29 308 317 33 330 33 341 345 3409 283 338 333 361
348 ATE 395 307 316 313 399 3¢ 3% 3O 34T 380 38« 336 339
347 3TT 239¢ 308 315 373 338 33 338 342 346 200 353 335 3
247 I 393 308 3¢ 331 337 333 337 341 344 3 3851 3%« 9.3¢
146 37 393 30« 313 30 336 33 335 I 30 4 se 3353 ass
3¢ T 291 I8 333 319 335 330 34 33 34 3 3@ 3351 33«
345 37 391 37 311 8 33¢ I 333 337 34 i 3 S0 843
345 37 380 301 310 317 333 138 331 I 0 0 3 e
34¢ 373 300 301 IOP 336 333 337 31 3% » 30 s ra 3.0
34¢ I 3B IO IO 346 33t 39 331 338 338 a1 ¢ L¢7 350

[

CiZgyrYnnre s nusey

340 31T 388 30 308 318 331 336 330 33¢ g37 841 3.0 3¢ 300
10 31N 1M 1M 307 310 330 338 33 333 a7 36 38 3¢ 3
143 1IN 387 3% 307 3¢ 319 33¢ 33 331 33 M a 3¢ ¢
343 371 387 3% 308 8.3 319 83¢ 338 332 335 33 34 ¢ 3@
34 1N 387 31m 306 333 348 333 337 33 g8 I8 30 3 3
141 17 386 39T 306 313 a8 333 337 331 gs¢ 437 30 18 ¢
143 1% 386 3197 306 313 347 331 33 330 333 337 I 3¢ 3.4 )
141 3M 385 1 306 311 317 331 33 330 333 8% I»™ a1 34 ’ o
o« 241 300 385 2% 30« 311 306 331 935 3 831 333 m 0 3@
o 14 36 385 3% 30« 300 346 I 335 gy 331 335 3w 300 3¢
Y3 14 310 318« 195 303 300 315 3% 33¢ 338 331 3% 13 300 3@
o 341 360 38¢ 29 303 30 305 3IW 3¢ 338 331 3 337 9 a2

L] 341 36 38¢ 3% 303 3 a5 939 33¢ 337 31 3¢ 33 N a
o 24 36 30¢ IW 303 IOM 3.a¢ 339 333 337 330 333 33 38 a
0 340 16 283 3IW 303 IO 3.4¢ 3.9 333 336 330 33 3 338 3e
[ -] 1 164 301 IMm I 9o I 316 330 333 337 390 333 338 3 -
™ 338 26 I IW 1M I« IO 3¢ 3.0 331 3¢ 331 s 331 3%
& 337 1 317 Im 397 I 38 312 3.6 330 333 336 3B In Iy
® 237 368 37 3m I 302 307 9 1 315 318 8 33¢ 337 - I Iy
100 336 26 377 187 398 301 306 30 31¢ 317 330 333 3 33 33

taxior = famt.ieert)

vells, and 2 second elevated component distribution  These interval estimares have been constructed

hat probably represents contamination. bozh for the absolute number of detected com-
In this pape, interval estimates have been pounds and for their concentration, which is
terived which (3) contain 3 speaified proporiion of measured in terms of the total number of detecied
be background measurements with 3 grven kel of parts per billion per volatile organic scan. '
onfidence (i e., a tolerance limit), and (b) allow vy Application of these estimates to actual -
 predict the maximum allowable 1alue of 3 scrics volutile organic data sets revealed semarkably
o Tuture measurements obrained from onc of consistent results. In the sample of field blinks, we
marc dowagradient wells, hasad on 1ie resili< o o tind that no more than five derecred comnoumdy m
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of detected pants per billion for the entire san pper Emit values sround 40 ppb for sl three
annot exe 4 49 ppl. In terms of trip blanks, the ) sers. r

resulis are . .acwhat lower G.e., four compounds In addition to the merhods outlined bere,

and 34 ppb dexected per scan) and slightly higher shernative sratcgics are also available. As
for upgradient wells (i.¢., six compounds detecred previousy rentioned, exact 99% prediction

PET scan at no more than a total of $8 ppb). intervals could be developed using Bayesian

Interestingly, if we had simply computed normal methods. Work in this area is currently under w
prediction limits on only those measurements Akernatively, we might consider estimates base
that were detecred, we would have obtained 9% ©on 8 censored Poisson distribution (Cohen, 19$
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(We arc grateful to an anonymous reviewer for restricred, as in the case of method detection
suggesting this approach.) In the methods previously Limits, may also prove usetul in the analysis of
described, nondetects are assigned 3 valuc of 2er0. volatile organic dara.

This is not strictly correct. Values below 3 method
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ATTACHMENT GW-1

GROUNDWATER PARAMETER LIST

References and citations made to specific sections, tables,
figures or other sources which are not included in this
Attachment are available in BFI's revised Post-Closure Permit
application, dated May, 1989 and ‘is in the Administrative
Record. The Administrative Record is located at U. S.
Environmental Protection Agency, Region 1II, Permits
Administration Branch, 26 Federal Plaza, New York, N.Y., 10278
and the Puerto Rico Environmental Quality Board, Santurce,
Puerto Rico, 00910-1488.
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ATTACHMENT G.W.1

Priority Pollutant Volatile Parameters

Compound

Acrolein

Acrylonitrile

Benzene

bis (Chloromethyl) ether
Bromoform

Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethylviny! ether
Chloroform
Dichlorobromomethane
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
1,2-Dichloropropane
eis-1,3-Dichloropropylene
Ethylbenzene

Methy!l bromide

Methyl chloride
Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene :
1,2-Trans-dichloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl Chloride

Priority Pollutant Acid Parameters

2-Chlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol -
4,6-Dinitro-o-cresol
2,4-Dinitrophenol
2-Nitrophenol
4-Nitrophenol
p-Chloro-m-cresol
Pentachlorophenol
Phenol
2,4,6-Trichlorophenol
(-]

—_ . T
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Priority Pollutant Base Neutral Parameters

A.cenaphthe|ne
Acenaphthylene
Anthracene

Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
3.4-Benzofluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene .
teEs (2-Chloroethoxy) methane
bis (2-Chloroethyl) ether
bis(2-Chloroisopropyl) ether
bis (2-Ethylhexyl) phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
2-Chloronaphthalene
4-Chlorophenyl phenyl ether
Chrysene

Dibenzo (a,h) anthracene
1.2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3"-Dichlorobenzidine
Diethyl phthalate

Dimethyl phthalate
Di-n-butyl phthalate
2,4-Dinitrotoluene
2.6-Dinitrotoluene
Di-n-octyl phthalate
1,2-Diphenylhydrazine
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadien
Hexachlorocyclopentadiene
Hexachloroethane

Indeno (1,2,3-¢c,d) pyrene
Isophorone

Naphthalene

Nitrobenzene
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
N-Nitrosodiphenylamine
Phenanthrene

Pyrene
1,2,4-Trichlorobenzene

G.W.1-2






Priority Pollutant Mets s

Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Mercury (Hg)
Selenium (Se)
Silver (Ag)
Antimony (Sb)
Beryllium (Be)
Copper (Cu)
Zinc (Zn)
Nickel (Ni)
Thallium (TI)

Miscellaneous Priority Pollutant Parameter

Total Cyanide

Non-Priority Pollutant Parameters

Specific Conductance (field value) (unfiltered)
Iron Total (filtered)

pH (field value) (unfiltered)

Temperature (field value) (unfiltered)
Freeend-Amendable Cyanide (unfiltered)

pH unfiltered (lab)

Specific Conductance (lab value) (unfiltered)

Subtitle D Parameters*

Acetone
Bromochloromethane
Trans-1,3-Dichloropropene
1,4-Difluorobenzene
Ethanol

Ethyl methacrylate
4-Bromofluorobenzene
Bromoform

2-Butanone (MEK)

Carbon disulfide .
Dibromomethane T
Chlorodibromomethane
1,4-Dichloro-2-butane
2-Hexanone

lodomethane
4-Methyl-2-pentanone
Styrene :
1,2,3-Trichloropropane
Vinyl acetate

Xylene

Barium

Cyanide

—u

*Parameters also may appear on the Priority Pollutant List.
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